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Stability of DPT hammer efficiency and relationships of blow-counts
obtained by different DPT apparatuses
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Abstract: The blow counts of different DPT apparatuses and their relationships are analyzed by means of the energy-calibration
method which uses a pile dynamic analyzer (PDA) energy measurement and the in-situ DPT tests. The stability of energy
transmitted into penetration tips is discussed. The analytical results demonstrate that the DPT is a reliable site testing technique
with good hammering efficiency. The energy transfer ratios (ETR) of different types of DPT are high with the average values
more than 80%. The relationships of blow counts calibrated by ETR values are consistent well with those obtained by the

in-situ tests. The blow counts of heavy DPT tests with a hammer of 63.5 kg is in average 2.5 times those obtained by
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super-heavy DPT with a hammer of 120 kg, and the influence of rod diameters can be neglected. The ETR values measure the
energy transmitted into the rod through hammer drops, i.e., hammering efficiency. However, the actual energy transmitted into
solved in the future.

soil usually reduces due to the energy consuming of rods and should be measured at the tip. The technique is expected to be
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Fig. 1 Distribution map of selected sites with DPT tests conducted
in Chengdu plains
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Fig. 2 In-situ DPT apparatus with a donut hammer of 120 kg

falling to anvil above PDA energy measurement
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Fig. 3 Donut hammers (63.5 and 120 kg), tips and rods (42 and
60 mm in diameter) used in DPT tests
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Fig. 4 Test data of ETR values varying with depth using a hammer

of 120 kg and rods of 60 mm in diameter
or

I

60 70 80 90 100 110 120

A IR A58 R BETR/%
5 60 mm IRFTFFN 63.5 kg FOSEIIAIRIE ST ETR 4B
REHD

Fig. 5 Test data of ETR values varying with depth using a hammer
of 63.5 kg and rods of 60 mm in diameter

or o A
E)20
Sl RFhS
o o RAEBR
- — PHE
4L
& 61
i
¥
8L
10 -
60 70 80 90 100 110 120
ABRAL 3 REETR/%
6 42 mm IRFFF 63.5 kg FLEIIHIRIE SN ETR HiiEkE
REHD

Fig. 6 Test data of ETR values varying with depth using a hammer
of 63.5 kg and rods of 42 mm in diameter



1044

L

2020 4F

257 FRE- (Njp)®

0 A
50 60 70 80 90 100 110 120
AL RIETR/%
(a) g{':\FH— (N|2())60

- (N 5)®

70¢
50! §§§
550 §§ “ 120

ﬁEaf?ﬁ%ﬁkETR/%
(b) - (N 5)®

60 - HFH- (N 5)*™

N
501 §
\
401 N\
AN
N\
W
AN
NN\
50 70 80 90 100

ﬁEaf?ﬁ%ﬁkETR/%
(¢) TFH- (N )™

&7 BEFERTH DPT e BN EE R S EEERSITE

Fig. 7 Histograms of numbers of hammer drops and ETR values conducted at Anping Village

FRSEA - (N )

801 NN Ei skt (Nip)® 4501 NN RSk - (N )50
I : ‘ 100
7 N 300, \
60 A\ N § 80 N
50t AN N N\
& §§§§§£ < 150 §§ \§§§§\
RNNNY r NN
I NN 100 M NN
10 NN S0 \\\\ ﬁ%&%&%%\
50 60 70 80 90 100 110 120 50 60 70 80 90 100 110 120 50 60 70 80 90 100 110 120
RERE B REETR/%

AL RIETR/%
( a ) EE%H— (N|2())60

8 [HiFKEEE L4 DPT fE=ill

REE A% % REETR/%
(b) HRREA- (N 5)®°

It EH R SR REREITE

(e) AREN-(Ny5)*

Fig. 8 Histograms of numbers of hammer drops with ETR values conducted at Baihutou Village

MEZI ETR #ii 5 iR BEIAH OB R, MG
DREERI3E 0, ETR SSMEAHRIE N, HAEHEA B 5
AR 5%~10%. FrLL, fEfuiel, 8t ETR A21E
DPT fEdigh, "I A% ETR FEIREZ AR, kL
BIRHAT G — .

AL EAAMRES ST S, ETR H0HE 1494 A DL ik
DPT ikt e mMAR e . B 7, 8 HJlsath T
PR PRI BB 1 Sk AN AN [F 2R DPT e i
I ETR Geit 2RI, B B 2R D9 R FH IE 2 o A e
HATA I Z . AL ST T 3 RS DPT
WA, KA 120, 63.5 kg 28Ok, FRFF R 2508 60,
42 mm. HIF 7, 8 Al W, DPT iﬁ%ﬁf)\ﬁﬁqﬂmﬁ

RE AL R BEAMIES A0, Helhl g R
FfBho F 1~3 FIH 75 DPT uﬂhﬁﬁ bR R
B K —fEhruEZETu . R 1~3 Elﬂiﬁt%&ﬂu%ﬁ,
DPT 560K 1 E S e o 77 50, R AL R4 (E
FAR AT 80%, —fbnifEZE 3% ~8%, HEFE.
K 120 kg ZF0E. 60 mm AT RIS, femfe#R
1 PRFFIE 90% 2 A o K H 63.5 kg %7 0o 60 mm
ARG, AEEALH % ETR HIE 80%~90%. %
63.5 kg ZF Lo fE ., 42 mm FRATHRIG T, fEEfLiHEE ETR
FHAT B, (HAE4Edr 80% A4 . 3 Fl DPT k36, &
BNl BE R bR ZE AR — 8 XU T, DPT

WA — A LU AT SRR E B B 8 i

VI, XK RE T, I T R R AR A I 100%
Mol RN R EOR R AR, bR AR A el
PRSP BRI B, SRR S, SCllfK) ETR

LT KT 100%1 45
=1 XM 120kg ?P'U”E 60 mm ¥R#F DPT i 18 SN gE = 155

REGHE
Table 1 ETR statistics of DPT tests with a hammer of 120 kg and
rods of 60 mm in diameter (%)
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Table 2 ETR statistics of DPT tests with a hammer of 63.5 kg and

rods of 60 mm in diameter
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TR 88.88 96.16 81.60 7.28
HEk 8443 90.27 78.59 5.84
RFR 9451 100.80 88.22 6.29
HITA  89.32 93.64 85.00 432
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Table 3 ETR statistics of DPT tests with a hammer of 63.5 kg and
rods of 42 mm in diameter (%)
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Table 4 ETR-calibrated blow-count ratios of different DPT tests

with respect to (N120)®
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Fig. 9 Curves of different DPT test blows varying with depth conducted at Anping Village
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Fig. 10 Curves of different DPT test blows varying with depth conducted at Baihutou Village
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Fig. 11 Soil sampling extracted from a bore hole at Baihutou
Village
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. 1007
e HILK
o A %ﬁH = g0k
~ v B -
E — #Eﬁliﬁﬂ%%ﬁiﬂ“ g
= R 60k
$ . R
Z T a0t
N X
0 20 4.() 6{) 8‘() 10.0 0 2 40 60 80 100
(N2)®7 (ti*(30em)™) (Nep®7 (i (30 em)™)
14 (N0 5(Nepo)® I3 BiE HUS 16 (Vi)™ 5 (Nexs)” BRI R HLRE
Fig. 14 Scattering diagram of (N120)60 and (N63'5)60 data Fig. 16 Scattering diagram of (N63'5)60 and (N63,5)42 data
1001
ol 3 HHigKitie
f) R F EI R AR R A DPT W5 iE 12,
(=3 52
Zoor PRIT T DPT 38 1A e Pk, 20 B AS 5] 28 OB AN ERAT B
E ol % T DPT R AR S I AL 3 2 -
‘N’ﬂg (1) 337 DPT 402 — Ml SEA8 € I I
<o ik, AR R R A AEE 80%A b, (HAR

[l DPT {5 ETR B EVEAAAEZE 7, OB,

20 40 60 80 100

D e ey VEFF B RO, Bl . o Ar iR R A
15 (Viao)™ 55(Nes ) BT B B 21 R IR0 DPT A%, BUHkh )l B 3 0 A

Fig. 15 Scattering diagram of (N120)60 and (N63'5)42 data

LARREHEIL 80%, 4FAl 2B ER DPT, H ETR #Hid



1048 H O+ T OB % M

2020 4F

90%, FTLABL% DPT kI ak 2k mr, Faethlr,

(2) MBREEALIBMIMIE, 60 mm RFFLL 42 mm
PRAF 0B 7 2R g s, ETR TP 5%~ 10%:
(N3 5)™ Fl(Nes 52 Bl o0 W fom — & 25 AR, P
BILLEAN T 0.96~1.14, FTLARFFEEXT DPT #Ed 4L
RS . TR 7% 1 AT LAZG

(3) K FHBEEFR BRI (75, I T
ANTR) 2 VR () AR 2 TR FE L C R, BDE Y 63.5 ke
OV (B T B (N 5) O BB B R 120 kg 5Ol
H(Nio)* 2 2.5 1%, PiRh 5452 DPT Hii 3
Z A RBIEAR 5

(DB N T ERIRE R SIIR B AR N+ 2%
LAY EE, HIEREARL 2R ENHR
Be%, MASCEHA PDA MIER ETR W RS (7 2L
REEAE N, SR RFFIOHREA 2 BTN SE bR 2R
B, RIS B — I TR AR R R

(5) 16 R M FEBL SO R , ANFEZEAL ) DPT
RIS B T B e — e M e, R AP
DPT Al SPT 4 o £ [ (1% 4k 5% R A& — MBI 72 11
A, XAERT SPT M T RERH 5%, 0 SPT Witk H
wJrEE, BRIy R R T DPT MJ7vE, LARIE DPT
RIGHAR PN . BhAh, ARSI RE R A% 8 1) £
FEX+ DPT it gk A7 7 A » 1 B i et -4 o $iuk
THHAT LA EENBIE, X RRT/ERES
JEI—AN i T -

B BOAREE T EORR IR BB TR E R
AR UL Y )18 BH < B o TR A IR ) U A AR R
PR SRR Bl o

SE -

(11 5 -, WAL A REh bR K 38 1 A 4R
[7]. TEFAKZE2E4R, 1999(2): 80 - 83. (ZHANG Ping, TIAN
Hong-hua. The study on amendment of dynamic sounding
impact factors[J]. Journal of Shenyang University, 1999(2):
80 - 83. (in Chinese))

[2] LR FMmZss. TREMEFMIM]. 4 . b5 HE
FH Tk kit 2012. (Editing Committee of Handbook of

Engineering Geology. Handbook of Engineering Geology[M].

4 ed. Beijing: China Architecture Press, 2012. (in Chinese))
[3] JHEENR, 1% G, AR, % e L TREAIEM] b
e [RGF RS UL, 2015, (XING Hao-feng, XU Chao,
SHI Zhen-ming, et al. Geotechnical Engineering In-situ

Test[M]. Shanghai: Tongji University Press, 2015. (in

Chinese))

[4] FifsHh X A Ut B Bl TH Y8 :  DB51/T5026—2001[S].
2001. (Design Code for Building Foundations of Chengdu
Region: DB51/T5026—2001[S]. 2001. (in Chinese))

(51 Ao, FhEl MG, & ) bk ge Anbs i 5T
U6 Fe AR AR S PEWE AT (D). HE TROR, 2013, 50(5): 52 - 54.
(NIU Jian-guang, SUN Cheng-ke, KUAI Zhi-yao, et al.
Correlation study of dynamic penetration test index and
standard penetration test
Technology, 2013, 50(5): 52 - 54. (in Chinese))

[6] #8 HH, HHEN, 5kEW. RS br B AE AR
T IR SCPERT T [T]. B TLHIR, 2015, 52(6): 105 - 107.
(ZHENG Wei, XIAO Xiong-bing, ZHANG Hong-ming.

index[J]. Port Engineering

Correlation study of dynamic sounding and standard

penetration test applied in foundation
detection[J]. Port Engineering Technology, 2015, 52(6): 105
- 107. (in Chinese))

(71 %8, KR, BEE, & OB ER RS E D)
FIbERAEFR IR S HIR T ()], AL, 2014, 27(6): 126 -

128. (LIU Xu, ZHANG Hai-dong, GE Bao-yu, et al.

liquefaction

Correlations between SPT and heavy dynamic penetration
testing in silty fine sands[J]. Soil Engineering and Foundation,
2014, 27(6): 126 - 128. (in Chinese))

[8] ki TAEHL IR AL A MFE: TB 10018—2018[S]. 2018.
(Code for In-Situ Testing of Railway Engineering Geology:
TB 10018—2018[S]. 2018. (in Chinese))

(91 R [ S)  fik 2R 06 A 42 RS 5K A7 2 1 S2 T (0],
+ T A, 2012, 26(2): 99 - 100, 104. (CHENG Xiao-wei.
Application of dynamic core penetrometer tests in gravelly
soils in Deyang area[J]. Soil Engineering and Foundation,
2012, 26(2): 99 - 100, 104. (in Chinese))

[10] Zek¥R, FEIEAR, T L0, 5. sh /i iRArK A2 1k R 40K
T AT, 2014, 35(5): 1284 - 1288. (ZUO
Yong-zhen, CHENG Zhan-lin, DING Hong-shun, et al. Study
of modified coefficient of dynamic penetration rod length[J].
Rock and Soil Mechanics, 2014, 35(5): 1284 - 1288. (in
Chinese))

(1] A &, fAFE, ZAaul, 55 BEREfhd s m b 7
HHkd eI A A FE TSR, 2016, 35(1):
201 - 208. (SHI Lei, FU Shao-jun, YUAN Wen-chen, et al.
Experimental study on axial impacting force and hammer
impacting energy in rod of heavy dynamic penetration test[J].
Chinese Journal of Rock Mechanics and Engineering, 2016,

35(1): 201 - 208. (in Chinese))



%5 6

Wrdetts, 4. ASFEIZEAL DPT pge iy 5t 8 Ae e v X R B0 A6 08 RIS 1049

[12] ZezKkd, # 4. TR e i B R 50 ) R AT KAZ IE
FHWILI). LR, 2016, 38(H4T 2): 178 - 183.
(ZUO Yong-zhen, ZHAO Na. Model tests on modified
coefficient of heavy dynamic penetration rod length[J].
Chinese Journal of Geotechnical Engineering, 2016, 38(S2):
178 - 183. (in Chinese))

[13] BHIHERITHTE: GB 50011—2010[S]. 2010. (Code for
Seismic Design Of Buildings: GB 50011—2010[S]. 2010. (in
Chinese))

[14] YOUD T L, IDRISS I M, RONALD D A, et al. Liquefaction
resistance of soils: Summary report from the 1996 NCEER
and 1998 NCEER/NSF workshops on evaluation of
liquefaction resistance of soils[J]. Journal of Geotechnical
and Geoenvironmental Engineering, 2001, 127(10): 817 -
833.

[15] IDRISS T M, BOULANGER R W. SPT-based liquefaction

triggering procedures[R]. Davis: University of California at

Davis, 2010.

[16] SEED H, TOKIMATSU K, HARDER L, et al. Influence of
SPT procedures in soil liquefaction resistance evaluation[J].
Journal of Geotechnical Engineering, 1985, 111: 1425 -
1445.

[17] CAO Z Z, YOUD T L, YUAN X M. Chinese dynamic
penetration test for liquefaction evaluation in gravelly soils[J].
Journal of Geotechnical and Geoenvironmental Engineering,
2013, 139(8): 1320 - 1333.

(18] ¥k, X2k, FEMesh, 55, BT 30 bR AR 1
P 77 28 PR B FE 0] 5 = TR AR, 2016, 38(1):
163 - 169. (CAO Zhen-zhong, LIU Hui-da, YUAN
Xiao-ming, et al. Reliability of Chinese dynamic penetration
test for liquefaction evaluation of gravelly soils[J]. Chinese
Journal of Geotechnical Engineering, 2016, 38(1): 163 - 169.
(in Chinese))

% 29 BEELT TN ZEARMFITSEE
(20204 7 A 18, 19 H, MEfNiE4E) £ 1 S@4H

FhBA PEEARTEES LA LTRSS, b
EpIC RS e S L o AR

AR N5 RS,

B CAETR%ER) mEas.

SBBERED: hE AR TR L s LTRSS

22, MEDKR 2B L)1 R R E T 2020 4 7 A1E
U AV T 46 29 Ja 4 4 TINR2EARBT 27, Sl E.
“CH L TREEEREAR R TISHE AR FinE”. hELA
TR RE LTRSS, REKRE A L)1 T
TARBEHEEMCERN TR, FH. RCLER 5 LR
RGBT A+ TR TR R EER , SRR,
Bl B8 2 W R IR 5 38 A L TR 5B 7 0 i 5 S R A 56

SWES: RRFARITSHNR G S SARE R A
Ih WhIpEgT, AL RETRAM. SUKIBEERNES L
TR K BATRE AR S AN R, R (TR
JERRAEY (GB/T50123—2019) EHHE.

RQWER: OF T TREEEAR; QAR @

T AR @4 TIEMREAR : @I L TR WEAR
OB+ TR BA; @Rk AR; @+ THgim
MARFHA; @+ T BB A B %

SUWALTSEI: VRIS SCER N ER] RATFRE
IR, WICRIE—AE 5 TTRLN, #iES% Ca LRy
Do SUCH IR BEE BRI 1 RS Ch L LR
) GBETD (BTG (R8RS TREZEARD) . (RS d Ll
KRR CNFEERHEOR R (ST LR 225400
HABIR OB AER ST T

TR : geotest2020@163.com.

EEHHA: ©2019 4 12 A 30 HAT#s B 3043 @2020
2 H 15 HATRENE SCGR@EA: 32020 453 A 15 HATR
BEEIRC.

SWEKRFR : bk P50 RIS RR B X %2 R 49
TGN DR R TR B, B S: 010051, BERA
IR F5: 18647964316; FEBiR: 15560924010; T 18847187706

(ReZze D



