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Application of needle penetrometer to soft rock strength test
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Abstract: How to get the uniaxial compressive strength value of soft rocks is always a problem in engineering because of their low
strength, loose structure and difficult processing. Needle penetrometer invented by Japanese, can be used to calculate compressive
strength of soft rocks indirectly by testing its needle penetration index (NPI). The paper introduces experimental instrument, operating
procedures, announcements and data processing methods of needle penetration test(NPT). Then the strengths of different soft rocks
are tested by needle penetrometer in situ and laboratory. According to statistical analysis of test results, the discreteness of sampled
value is closely related to rock uniformity and structural discontinuous surface. Finally, contrast methods of NPT and point load test
on a set of soft rock samples. It turns out that the results based on these two methods are similar. Therefore, NPT is reasonable and
feasible in soft rock strength test and it can be popularized and applied to the soft rock engineering in China.

Keywords: soft rocks; needle penetrometer; needle penetration test(NPT); point load test(PLT); uniaxial compressive strength
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Table 1 Test results of NPT on mica schist

L WAPNY LECETNaY
e JI/N PONE/mm  BNHY/(N/mm)  #EE/MPa
LDy SAoE Ry QAo ool SEoRE O S
1 81 200 100 100 810 2.00 323 0.82
2 8 20 100 100 840 2.00 335 0.82
3 55 19 100 100 550 1.90 221 0.78
4 65 23 100 100 650 230 2.61 0.94
5 57 16 100 100 570 1.60 229 0.66
6 67 11 100 100 670 1.10 268 0.46
7 61 200 100 100 6.10 2.00 245 0.82
8 68 22 100 100 6.80 220 272 0.90
9 58 13 100 100 580 130 233 054
10 62 16 100 100 620 1.60 249 0.66
11 68 12 100 100 680 120 272 0.50
12 66 18 100 100 650 1.80 261 0.74
WAME 84 23 100 100 840 230 335 094
Ml 55 11 100 100 550 110 221 046
b2 085 038 035 0.15
SEEIMH 659 175 265 0.72
AR 0.13 021 0.3 021
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Table 2 Corresponding relationships between R, and
qualitative classification of rock hard degree
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Fig.5 NPT on a slate sample in laboratory
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Table 3 Results of NPT on slate samples

PN U

e JI/N IAE/mm  BA/(N/mm) 58 /MPa
T ) AP ) FE ) K ) FE ) KSR SR KSR

1-1 100 100 3.00 6.0 3333 16.67 12.89 6.55

1-2 100 100 3.00 5.1 3333 19.61 1289 7.67
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1-3 100 100 290 5.6 3448 1786 1333 7.00
2-1 100 100 3.00 68 3333 1471 1289 5.79
2-2 100 100 3.00 68 3333 1471 1289 5.79
2-3 100 100 290 5.6 3448 1786 1333 7.00
3-1 100 100 300 7.0 3333 1429 12.89 5.63
3-2 100 100 300 65 3333 1538 12.89 6.05
3-3 100 100 290 8.0 3448 1250 1333 4.94
fAfii 100 100 3.00 80 3448 19.61 1333 7.67
f/ME 1000 1000 290 5.1 3333 1250 1289 4.94
bRtz 057 242 022 093
S i 3372 1597 13.04 628
A5

% 002 015 002 0.15




B B

SRS BEET AR 3 S (KN 655

BE DTN S R IG 15 H 8 AR e 1 LR B R T
) (R4 BTN EEIME D 33.72 N/mm, it (2) #E
A HTUEREE  13.04 MPa, P47 4 T 1)
P BENLEIAME A 15.97 N/mm, HAhHiESREE K
6.28 MPa, i3 2 A Ae Bt A & T 480h -

e AR BRI ) (AR AR S RO 0.02,
SEAT R 7 ) (04 0.15, 36 BRI 7 n (Rt
FHE BRSSP AT AR g ) A K
BT HTIARCA AR UIRIRIST B, AR R e
SPRE, PR, SPATRRER T i IR B B
@&kz%x&ﬁﬁﬁﬂm 5T ONET TR
I, AT AT TFZLI s R AR A A R, X T
DECHE 5 /)5 AR IR T2, 00 e i s TE 3%,
ARSI AR, FHCA FEATIR B HARTT 2

X2 BEF o RO AR 43 0 EAT B TN B3
JEAE IR = YRGB B ot 32 sz e
BJ—FRRE . i A 2 PR 1 DL S 45 R T oA

THOLIEEm, Fa by —. REPFEE gifi AR
WP, Bl B EE N, SR, BEAEE

HENEA NI EATER AR 0.7 mm, WK HRAR
¢,A%&%%@ﬁIZWE@%ﬁ%m*ﬁ%ﬂ
(PISRIE, ANRERBLSZ . SRR A AR A
B TY Aﬁ%T@hiﬁfﬁo&%mOMmEE,
HRE R 2 AT LLBR A o R 23 B TR i

4 EENG S a8 gt L dr

B A A G AR AL, AR
SRFERUIC,  TEEE N T R e A R 4k ) b vk
i, ETLAR i mr 230 96 DA 5 5 1) 7 3%,
PR BRI MRS, 3 A R A T B A0 # o AR
PRI SIS 1, R AR R A ST
B e N A i BN PR EEAAH R, AR
IRFERHT s frgaaliede it 74k, AR A1
HE TP B WOCEDE AR AT i A B I
4.1 XPHRARTTE

MIEHARPRIET 25 Ptk HAAH R HAR o8 4
1) = BE R A AR AT 0 LRSS o O 7 3% o) bk
PRI SERE, NP e TR BONRE, AR5
PRHAT R B8ORS A — A PR TENRER 21T 6 1K,
BTN A B8R AL ] 6 o EFBENSUAL
FEAYOIRT 1 om, PRUREBEEHEAUNT 1 em.
TN, fEA e b AR B RER X 3N, 5%
PR SEE AR B ] LLZEANTE . #EE BENR
AT A P AR OR R R, A RN iy
7, Ao HkE .

BB bt
RO i

B 6 HENREIINRMNRFERR I Rbr E
Fig.6 Schematic illustration of NPT and PLT position

R P B0 PR A s r BN S BB 2 ) s
PO B, JoVE IR IR R, e
oA g Ab B, ﬁ DN Ay BRI AR D )
R4 15 B fo CORE RIS a1
X s A 2B AN R e R (1 5K
42 BEHHAKX

BB IR B H AR B e HERR R 06 0
2 (3 BEAT AT ol LA, i 3R A B T
PRI ) 1) CORE AR Ty i) 1)
I AR A (3) BEAT Bl o e 5

4WD
=L =P
"Dy s

(3)

Loy =I.F; F=(D,/50)%

R, =22.82I30

e 1 M BIEM AT R TR G p BT
D, WAEREAR: D W INAT RUEER s 15 AARTE AT
ﬁﬁﬁf?ﬁ W A8 P AT Rt NI P B 5
FABIEREG: R A HPUE A
43 BRLERKST
XF 15 B FEE A BGRIGAS H G A TEN L
FPCUERRA I et PRAEZERIAL 5 R ik
TT i, &R WE 4. BE—Hes @ s
BENTRIG A A7 2850 23 ) 45 L 1 PR At e s i 8 25
RHEAT TR R, ik 5. B 7 Pos.
15 YRR 5 R AL 5 R EE 0.06~0.35 2
MaFE Y-1. Y-3. Y-10. Y-19 [AS R R EOK
T 0.3 4b, HAVIARKT 0.25, WREHE 1 B Er:

BRI o SRS DI A 1) B RO
JEAER TR MEAE RRELZ AN, EERAA
WA ARSI AN — MRS DR . BT Mg,

R A ERABI VR A, Kfr. fik
AKAT A RDRE s B, BN AR, o
JEBAR. HAT ALY, BN T BB
SRERIOH T, Fril s SEmU AR 4 BEN R T 98,



656 F- R OV B 2016 4F
x4 HEARK
Table 4 Results of needle penetration test
[ SENEL NPI/(N/mm) R./MPa — ——
LTON /b e LTON /b R ol !
1 Y-1 10.00 3.89 6.77 3.97 1.58 0.95 2.71 0.35
2 Y-2 9.80 5.00 6.68 3.90 2.02 0.62 2.68 0.23
3 Y-3 12.00 471 7.02 475 1.90 0.94 2.81 0.33
4 Y-4 14.06 6.67 9.62 5.54 2.67 0.89 3.82 0.23
5 Y-5 12.50 8.08 10.67 494 3.22 0.71 423 0.17
6 Y-6 10.53 8.89 9.72 418 3.54 0.24 3.86 0.06
7 Y-8 13.33 9.76 10.75 5.26 3.88 0.50 426 0.12
8 Y-10 20.00 6.15 13.37 7.82 2.47 1.63 527 0.31
9 Y-12 10.53 8.00 9.39 418 3.19 0.36 373 0.10
10 Y-14 2222 13.33 18.54 8.67 5.26 1.09 7.26 0.15
11 Y-17 20.00 10.00 13.54 7.82 3.97 1.35 5.34 0.25
12 Y-18 32.50 2222 25.81 12.58 8.67 1.38 10.04 0.14
13 Y-19 22.00 8.67 13.99 8.59 3.45 1.71 551 0.31
14 Y-20 25.00 18.00 2133 9.73 7.06 1.03 8.33 0.12
15 Y-22 26.00 15.63 18.67 10.11 6.15 1.32 7.31 0.18
T EE 13.06 0.98 5.14 0.20
x5 RAZEREEHEARKSER A g
Table S Results of uniaxial compressive strength comparision l4r S giﬁj
of needle penetration test and point load test 2t !grﬁ
HFE HFE NPI R(NPT) R(PLT) B 2 € ok -
G5 %S /(N/mm) /MPa /MPa (NP-PL) =
1 Y-1 6.77 2.71 2.13 0.58 % 8T }
2 Y-2 6.68 2.68 7.58 -4.90 E 6k , | | 567 MPa
3 Y-3 7.02 2381 393 -1.12 5 [ 'T'_"‘__5~14 MPa
4 Y4 9.62 382 567 185 = * t ﬁ L 1
5 Y-5 10.67 423 5.28 -1.05 2r
6 Y-6 9.72 3.86 3.11 0.75 0 P R T T S S R
7 Y-8 10.75 426 537 -1.11 0 2 4 6 8 10 12 14 16
§ Y10 1337 527 3.86 141 RS
9 Y12 9.39 3.73 7.28 -3.55 B 7 AAFERRAR S EARKSE BN
10 Y-14 18.54 7.26 7.70 -0.44 Fig.7 Results comparison between needle penetration
1 Y17 13.54 5.34 361 1.73 test and point load test
12 Y-18 25.81 10.04 12.76 -2.72
13 Y-19 13.99 551 4.04 147 v
14 Y20 2133 833 5.02 331 |4y 5 Xy = X G “
15 Y22 1867 731 760 038 I, N X, NIRRT AR U X,
T RRH L X R S AR G, Wk
gyl ST ORI o hEEREKT, I 005 1
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Ut ST o A S e s, s
BER S R IRECH (1 2 TOE BOR K 3 25 2
LSS A —. BT L, BRI
WAL, LI BRI LSRR AN — X
PR AR S M 2R IR, 2 R R 4 (AT A
BRI 1) S R B R R PR iR BE A

5 SR PR A1 307 DU o o Bl 1A
o A R

RIS H AL

Kt g8 IR B, 15 302 540
B, TR, W3R 5. B 7 HhmThn, 15 s AeE!
TN A 6.77~25.81 N/mm, Y{E 4 13.06 N/mm.
o (2 WIHERE = BE 2 S R R R AR
2.71~10.04 MPa, $4{E°4 5.14 MPa. i S48
B HES I = BE A R U SR A 2,13~
12.76 MPa, Ml 5.67 MPa, FR&EHE Y-2. Y-12.
Y18, Y-20 WA ae i 45 RAHZE RS, HRK
73 A F PR b 5 105 DU H R R B s 5 45 RAH



B

NI BT S R 657

ZER N, SEAUHEZE 0.53 MPa, R BRI HTEE BT
WA = BE A PR sim B AR S BT ATIN, REAR AT (Y
SR ILIEAERESE . AN S FRRT L, R B S
H A L T i B AR S RO 0.41, R
BRI H 4 0.45. PIMHRALS V&I R4, SR &
RO IBOR, TR B ZX AR FUE R T . K
WREEE . gk A A, DURCE A0 Y A
{1 AR AOUL HE AN 385 B8 TR Rt A% R R 22 e
Ko TEREHEIIRCA FEACE, 2 OISR (.,
AL B R A5, BCAER i B i
I

5 4 @

(D BEBENCAT LIS ECA B TENGRESRER, (]
A bR sz, ORISR, nIfEE
W E NHAT, HABREIER R, S5 IRER
=

(2) BB L T IR o B A, B
FEMRRJEEAE 0.5~20 MPa, AR . HoE
R A S o TR I AR A, W
A8 S I BT S TR 2 oA 2 T P AR 11 e 2 B ) i
. ANRE R AT R BRI AL (P A AR o e Eii
(108 FOE AT DA A A e — R L SR T AR
fE AR A GO %, Aty —. Rl
SRR SERITRIAS TSR, B 2,
RZMK,

(3) R Rl—Fh A 1 2 AR 3T 5 B AHN
RATEGRE, TR AR A AR, RE T
RG0S H B s BN 2 A E AT . PR
B0 4 R B EOR, EER BRA FTil = BE A &
PR TR . KALFRE S S5 AT 2 A 1 AN A
DL AT 0 it R A A OV R AN 35050 252 TR 35 i
08

B 5T NACRT 4 il Th s FH 380 500 B s i
BB NRESIE nIRIFHCE IIPTRIREE, o. ofH
LI = SH ARIE TR AT KR PR FI B T
B/, At AP,

2 % 3 MR

[1] NGAN-TILLARD D J M, ENGIN H K, VERWAAL W,
et al. Evaluation of micro-structural damage caused by
needle penetration testing[J]. Bull Eng. Geol. Environ.,
2012, 71: 487 —498.

2] Ak, APt ARNE Do mr 8o e []. &
+ TR, 1987, 9(1): 1—11.

LI Xian-wei, FU Xue-min. A study on the point load test
of irregular lump rocks[J]. Chinese Journal of
Geotechnical Engineering, 1987, 9(1): 1 —11.

3] TEAEE, U5, sk, & mAraEea A

PR AR T S8, B 115, 1995, 16(4):
46—56.
WANG Xiang-hou, LI Ming-yong, SHE Luo-fei, et al.
Discussion and research with irregular test piece of the
point load measurement rock strength[J]. Rock and Soil
Mechanics, 1995, 16(4): 46—56.

4] S, EoE BRTORBOE A7 m i 800 B 5 47 o

PR LRI L[], 5400255 TR, 2013, 32(1):
88—96.
FU Zhi-liang, WANG Liang. Comparative experimental
research on point load strength, uniaxial compressive
strength and tensile strength for rocks in roof and floor of
coal seam[J]. Chinese Journal Rock Mechanics and
Engineering, 2013, 32(1): 88—96.

[51 A, AR, s AR G al g A R AR BRI AR
SPATLI). TTPRR AR (A AREARR), 2013, 38(1): 138
—143.

YANG Fan, XIE Yong-li. Determination of rock strength
with point load test[J]. Journal of Guangxi University
(Natural Science), 2013, 38(1): 138—143.

[6] READ J, THORNTON P, REGAN W. A rational
approach to the point load test[C]/Proceedings of 3rd
Australia- New Zealand Conference on Geomechanics.
Wellington: New Zealand Institution of Engineers, 1980:
35—39.

[71 ULUSAY R, ERGULER Z A. Needle penetration test:
Evaluation of its performance and possible uses in
predicting strength of weak and soft rocks[J].
Engineering Geology, 2012, (149—150): 47—56.

[8] ULUSAY R, AYDAN O, ERGULER Z A, et al. ISRM
suggested method for the needle penetration test[J]. Rock
Mechanics and Rock Engineering, 2014, 47: 1073 —
1085.

[97] AYDAN O, SATO A, YAGI M. The inference of
geo-mechanical properties of soft rocks and their
degradation from needle penetration tests[J]. Rock
Mechanics and Rock Engineering, 2014, 47: 1867—
1890.

[10] Mol Topsy. MUBRSHA @ J5k & st M), HOat: A%



658 ES N Y 2016 4
HiR, 2012: 426—432. classification of rock masses[S]. Beijing: China Planning
Japanese Geotechnical Society. Japanese standards and Press, 2014.
explanations of geotechnical and geoenvironmental [16] GERCEK H. Poisson’s ratio values for rocks[J].
investigation methods[M]. Tokyo: JGS Publication, 2012: International Journal of Rock Mechanics & Mining
426—432. Sciences, 2007, 44: 1 —13.

[11] Japan Society of Civil Engineers. A suggested method for [17] BROOK N. The use of irregular specimens for rock
investigation and testing of soft rocks[M]. Japan: strength tests[J]. International Journal of Rock
Committee on Rock Mechanics of JSCE, 1991. Mechanics & Mining Sciences, 1977, 14: 193—202.

[12] AYDAN O. The inference of physico-mechanical [18] PENG S S. Stress analysis of cylindrical rock discs
properties of soft rocks and the evaluation of the effect of subjected to axial double Point load[J]. International
water content and weathering on their mechanical Journal of Rock Mechanics and Mining Sciences, 1976,
properties from needle penetration tests[J]. Symposium 13:97—101.
of ARMA, Chicago, 2012, 1: 410—415. [19] = [ 7K R [ 4 Al R s 152 V1B 9 e, 7K HLZK R R

[13] AYDAN O, SEIKI T, ITO T, et al. A comparative study KB R B, HE A 2. GB/T 50266-2013
on engineering properties of tuffs from Cappadocia of TR MRS 7 AR HELS]. Jb T o R A,
Turkey and Oya of Japan[C]/Proceedings of the 2013.

Symposium on Modern Applications of Engineering Chengdu Hydroelectric Investigation and Design Institute
Geology. Denizli: Turkish National Group of Engineering of SPC, Water Resources and Hydropower Planning and
Geology, 2006: 425—433. Design General Institute, China Electricity Council. GB/T

[14] ERGULER Z A, ULUSAY R. Estimation of uniaxial 50266-2013 Standard for testing method of engineering
compressive strength of clay-bearing weak rocks using rock mass[S]. Beijing: China Planning Press, 2013.
needle penetration response[C]/Rock  Mechanics, [20] sKEEE, )IEN, BRE, & ikl g KXAe

[13]

Proceedings of 11th Congress on International. Lisbon:
[s.n.], 2007: 265—268.

KAILKFIZ A KITFRERE. GB 50218-2014 T
G RAFHELS]. Abat: R AL, 2014,

Ministry of Water Resources of the People’s Republic of
China.

GB 50218-2014 Standard for engineering

Bte A n R I]. A 005, 2014, 35 1)
292—298.

ZHANG Guo-feng, LIU Zhi-shuang, CHEN Xian-kun,
et al. Reliability analysis of measuring strongly weathered
grey mudstone strength with point load measurement[J].

Rock and Soil Mechanics, 2014, 35(Supp.1): 292—298.



