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Abstract

It is known that some amount of loss in impact energy takes place due to some limita-
tions and problems during the performance of the field SPT. Actual energy level trans-
ferred to the rod should be measured to correct the SPT-N values tested in the field.

In this paper, the ratio of energy transferred to the rod through the anvil to impact
energy is measured by using Charpy impact test equipment and also analyzed by using
GRL-WEAP. This result is certified and compared with that of field SPT,

As the results of this study, the average rod energy ratio of the R-P hammer and the
Trip hammer is calculated at (.726 and (L728 respectively, but it is suggested that .72
should be used. By using the hammer energy ratio 64.2% and 75.0% obtained from field
measurement, the average energy ratio of the SPT for the R-P hammer is calculated at
46.7% and 54.5% for the Trip hammer.
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B REe gwE G 33 3 £ 43

EHNE Ei(kg —cm) E.(kg —cm} E.(kg —cm) € e,
1 1964.71 1047.61 1469.30 0.533 0.748
2 2088.51 1185.61 1047.42 0.568 0.502
3 1894.35 932.35 1533.19 0.491 0.807
4 2108.49 1105.66 1324.26 0.524 0.624
5 1469.96 709.48 1107.73 0.483 0.754
6 1937.11 918.32 1110.54 0.474 0.573
7 1758.81 855,57 1067.55 0.486 0.607
8 1859.27 907.89 1021.53 0.488 0.549
4 1885.78 957.81 1210.19 (1.506 0.622
polom, 247N FAH AYS M F ‘
s #1, #2, #4el Y Az 27 20 ;
L_]_E}‘ﬁ‘:}‘- é](2)’ (3)‘ (4)1‘?‘E_] 1 = 7&0] ()- "2-‘ 0.8 ......................... ’- .......................................................
Sm 3 09m AHe| H{ 2 A& es} o F d:: - - 2 | - [ . {0522
AR Anke ® 1% 2y 3, a9 49 2. B !
=R, 2o oKW, siee] Fek(w)e & 08 B ’ B N
(7)ol tsate] o) WEH3~30m)el 2 gsb.. Ny g4 8 M.
g EERAP FHEL()E Tabo 1 | i g |
0w 3 5 0.4 W gt ) L
E 2% 17 5ol el 2 3 4 5 6 7 8  Average
Test Number
O 4 Zefd Agdd «friAas
0.8 -
; 1.2
0T | 1.1 _.lTheoretical R
. " CTi0]
Y] S— SO S SN SN S S -2.10.506 % 1+ ‘ 1CT=99_1
0.5‘ ; [N Y NUUR S E." g [{‘:{/ K\\{_‘_ -
HZ: I 3 y v L i ~—_
gl 3 / : Tested| ]
osl—H H H H H H & 0sp CT=§B01} -
. N 5 ! ; -
e X Gb 78 Average o 5 10 15 2 25 30
est Number Red Length, m
0% 3. Bt A oduAaE a8 5. £H AR A4 A} (Charpy)

WS TEe 173



H2 Boeld wE FAHEE

FARE(n) |
2240l (m) W kg Cr=-0801

05 16.30 0519
0.9 18.88 0.564
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176 134 F1W - 19974 2 H



09
o 0.8 ||Averagex(3r??4 —
et T T 'ri
3 y i
m 74— 4 3
g\n oy
5 /1 'Y
= It oL
i': 6 Average=(}.721] -
2 Rope —Pulley
= 05 IR

04 —

0 5 10 15 20 25 30 3
Red Lengih, m

12l 9. FHAS AP EH(WEAP)

2.3 BHAA| SO it =4

2.3.1 S3dty
23 10 % AFA 1o vpehd upe} o] 2=
of ZEE Ao} HE&F Aol d 2eAdE AE

sto] siojell 27} Ed Fabe] B d

Pulley

F Leader

Hamimer

U

y|

Amp Load — gell

Cat-head |

Drill Rig

l Acee]erometer

Rod
PC

A/DS/W

Dynamic tester

Sampler

a8l 10. BAAYel A4 HHAA R A

ARE 1.

Az &4 g

>

gyl oy 28 darteall Al
EFEHYA"ANA 23 FAsdoh S Y
£ Agaataa, diele]l &4, 30kHz8] %%
2 A8E 4% 4~ 9l= A/ D(analog /digi-
tal) WME7] 58 Halsd HFEele) AHE %
H HYE FHAHE o] &8

232 EX A0t
23 100 vieEbd HE] S-& Abgsted 1995
g9 2R =2 A A st el BF
2 A7 i Azb REel AR o]
sl slnlzd Geste Akl
£ o]z HAd7)ES 10kHz/ch £528 &
%’n‘%k—g At st e, 17 A9
ol A|gwls EJl1-2)el gk sin] elH
}_1}%}% el dF2) sl 57
A2 a9 1le vheblch 7ol
4wl AdAdnes g 59 o, 74
76 o] F3loll g nl&

(3

|

L]

NPT P P N | T TR
4i°%Nri-lm-?L'rr"Hw

o ruoj,
Kl S -8‘

emE AFER

EEMR T e 177



o 2101 & PR AAEZ F 5ol vhehc), o
VA ] gkl o] - 9 (1996)e] B2 R-P
Hejo] Aoz 3 64.2%F A4t o
At BRAEELE 077019129, & 5¢ el
slch.

E 5 VRN 2473}

2=4
il A 0 5mlL=0.9m
&7 3 () 32 6 15
2ol iA] FF(kg—cm)| 2476.1 | 22135 | 24705

4 o1 A (kg —cm) 4864 4864 | 4864

o= vl (%) 50.9 455 50.8
o 2y FJH(%) 49.5
FHLE 0.77
1800 : — 3000
- Acceleration '
1500 _f TL =500 2500 %
1206 ¥ *1‘ 200K) ,;é
I i :
SR L=50cm :
£ 900 Y Tiotd 1500 g
§ oo { L1000 3
a WA 5
3001 = soummy 500 B
Ot — 1S Sa g

300 t : jﬁ i : ! ¢
0 0.020.040.060.08'0.10.120.140,160.18 0.2
Time, aec

28 . ASE R 2As3 adAs

3.1 #

EEAYAH4 E=d 2R} AAsho
Charpy 3AA Y 7]F AHE-3F A2 & AA
gle] Azt wiste) ule} FA3PFo] Roel H
2E = JdUAEEE FAsldY. 2AEES
250kHze] &x=2 A3E A 5 gle
DSP(digital signal processer) 52} #ghat=|
£ Aty FAEUY SAFeE e 3

178 $134% $1% - 19974 24

2o HEd odzlel MYy A4S AT
A3 A(2), (3), (1)l ASTM D4633-869)
U= FAHATE Ze7o] Im olsldl sl
= Ashr] e ZA 7} slodvh v o) o
Tl A AL83 ImZe] 2xe] FopRia 1
Kol FAAPY Aol A rial Xl
4 (3)ell Bz uiel zro] Aby=e] & 5= 3]
ch

H, 259 0.5m AFH % 09m A Y 7}
A 2o 2R FYAEEY) 2
AU A7} HEEE E5el] Zezlo)g] zelE
A g oz &4E- gle Zeg 7R o
E2 & nlwdle] Al o A HDE(Croen) &

C _ &z ete,
T{teat) O'%i? nd“‘:lm)

= 030620622 _ g0y

2 3l o) gHe 30mAols Reo =45}
A, o)A E eFke] Fei7) ity ¥} 2
et oz BE Yol e 48 F gl o]
EA49] Al(1)ell A Bz upe} 3o] We)e} gb&
o) AAS =g FAUshA Y 5 glvhd
2o 2egolg] 7%de & ol ¢le A
oz 714% = 3lch

AAH A} 3 23 APgAA7 oYy
20 viERG wie} zdo]l fAMRE A &2 by o
o, 2] Fotoll ZAF B&e) wFHa
gl B4 0033 0.00092 823 2bA] vheht
SR A Alg]Ae] glri B 2 % 2
¥ 5o vtebA wis} 3ol Charpy 4419 4
Hg o} &-sted AHEd FAHEE(n)2 07312
A4 F 694 Skempton(1986)0] H g £3
& v)astH vls 75 AR 0715}
& o7t v A Jehgeat Ao 2Astan, o
FollA] AL2-3}5 0.78 Ruhi= 2HA] vheht o]
ol A A E ALt oA
A" 4 oo gk g2y abgel
Foll 28t e} A =ZEoaglel GRL-
WEAPZ o] 83t sA3 FHAge] o ¥
FA o2 vieht $HA g7 xhel WEAPe 2]




3 Ane AFerd EEMUAYS FHEE
& g sedrh.

e HHES YA} v

FRAEE

| akdwd Rp TZ}% H] 3

=A% 0.731

WEAP 0.721 (.724
| 22 /WEAP | 0.726 0.728 | o] A7

A 0.72

Lk 0.77
W 0.64~071| 0.79 lsjempton
4 0.78 (1986)

GRL-WEAP2 2 2o AdEL= o1&
sl A3zl $1ste] 29 63 o] Z=He] 30m
of dle] AZANRl 2 ALY} 2 P YF
Bg 22708) A& el swsreaﬂr R
o] AFFET WHEH T zo] 55 ubei g
T Sa AR A He] Y g 7}%}/17} o &
+ A 5o TAAA A Jelug dHE

A B3 s EES Yo sl T w%al
Ag-2te] zoldE weisle] 3 elaw
&% AT AESES YHAER Abgsiiddh
WEAP #si4ds 4&sl o2& o] &8}
AR B(E ) eF 5HAE( n)e] BA

Enwr:.ar'):
4% o] &2 Y5ty
WEPA 3 & 23} 435 o7

A EEE Themell WHRE o] 24 o]

ErEWEAP!

Hayweap) —

ol A ouAln] Y FEHESL AAUF) AR
R-Pal™ 8] 7% 46.3% 3 0.7218 T3 f580]
AN L2 ZAHY ol THIA ok

o2 e} Z3zke] AlglAe B
Aot 22l dgagel 34 o
o2 QA B HE L 2] &)
Z 54 Fog & FAAA e "y
& do ‘7# 24 37 Ao on), 223)e)

£ 2o o

rpe do ey rXL

WEEE FA el A Ade] 2ot v
WEAPe] 2|3 sj4dz= Bpae) glow
deiz glow], WEAP si4dAFal a7 73}
FAAE Hapal 23 29] 7] Ao FAlst
of T ubge)x 23] % A Hate g ®
FAYAHRY FHASEE Tl =8, &
HAA e 2%t &gk 0.7313 13 9o e}
A upel zho] R-Psiwe} AbEaiv]ell ol sfed
WEAP a4 73l 0.72] % 0.7245 = 3Fs}o]
ARRE ghe] 0.7263% 0.7288 & afe)r} vhz)
o g WAl gk 0.728 T XEaYA
Hel FHAER AAEP F Sol o] vhehy
r}.

o] cdgtellA] A|A|&G FHEE(n) 0.728 7]
Hoga 51993, 1994), o] -uF(1996)] &
ol 2] & 64.2%(R-P) &} 75.0%(R}FE )l A
431 BEPYAEY FFed =7}
46.7%(R-P)2} 54.5%2 ARy, wyl, 3
Ari=pule} FAH FEA(60%)S vlEsted B
AATE o2 APA 45 NS
T ol Ny S5 4 e = glch

1.8 2

279t R g gl dulAs) ddEe &
Foll WAsE 4% 2ed XA e
$AHIEE&E Charpy 2HAI Y1} a}50] 24 9
gk slA Z 2ol WEAPS A &3l 23
WAt Eld o HAAIEE Falo] Pag A
RN gt e 43E Aok
(1) 7} B35 e} Fol) dE o) &
2 B HAdle oz £l
g A FHEE () FAA el
98t A gha} WEAPe 93} a4 A =,
Haak 0.726(R-Pall )=t (0.728( A5
H)E dodon, ol wle} FHELE
0.72-5 A gk}
(2) o] AFellA ANAZ BHES 0728 7]
Bag siejelux] ¢F 64.2%(R-Pa
M} 8 75.0%(Z-Esr) ) A gE #
FWAH ] FFeAA(E )= 46.7%

REMS TREE 179



(3)

911

10.

180

Lubas] olEm e v

. HhE-,

.ol &,

. ASTM D 4633-86,

. Fletcher, G. F. A.(1965),

(R-P3l™]) e} 545% (A= A
ok w3, REAYAIHAA @i
2 el FAEE o] Aol AAF
THEES AHEste Hgeqzuiet
Al@As 45 NAE 3% F e
BAAPE ARG EN A 2EA
3l Negte 78 4 3t

o] ATl A= FAX P} WEAPS o]
g3t SAEEE Ao, of B
o WAAYEN o AU wphhe) 93
4 gl #Halo] Al&Fejol & zlo]w,
18Am2] Ad 9 537} o] Folx]
A SHEE R oA e 5

#4jo] Fwzto} ah}.

A rf

by

e

ik

prill

P E 8
3l 25, 7 AE(1993), “Heat
glxlg e #irelvix] £37, 1993 SR
MeA, dEEEs3, A (134, pp.573676,
ol& &, wEE(1994), “FE=ASYAE
2] e oA wla”, 1994 HEUE3 =5
%], Rt EEabs], A (1), pp.821424.
7riel, oA, 7ed=1(1992), "4 ol
215y B2fqAd vty JelEEEAT, A

whaers| =), A wbEet s, A3, A3, pp.
60-64.
Lo EA(1996), “Shul BERgIAlA e <A
FFE S R LA, bR, BRI L
. g-alkg]FE KS F 2318(1991), “i:gﬂl )

AE2 o 28 #A fAIAY 9 A A 9
=,

“Standard Test Method
for Stress Wave Energy Measurement for
Dynamic Penetrometer Testing Systems™.

. Bowles, J. E.(1988), Foundation analysis and

design, 4th edition, McGraw Hill Book Com-
pany, New York, pp.131-143.

. Clayton, C. R. 1.(1990), “SPT Energy Trans-

mission : Theory, Measurement and Signifi-
cance”, Ground Engineering, pp.35-43.
“Standard Pen-
etration Test : Its Uses and Abuses”, Jour-
nal of SMFED, ASCE, Vol9l, No.SM4, pp.
67-75.

Gibbs, H. J., and Holtz, W. G.(1957), “Res-

EL34 F1w - 1097 2H

11

12.

13.

4.

L5.

16,

17.

18.

19.

20.

. Smith, E. A. L.(1960),

earch on Determining the Density of Sands
by Spoon Penetration Testing”, Proc. of the
4th ICSMFE, Londen, UK, Vol.l, pp.35-30.
Kovacs, W. D, and Salomone, L. A.(1982),
“SPT Hammer Energy Measurement”, Jour-
nal of the GED), ASCE, Vol.108, No.GT4, pp.
599-620.

McLean, F. G., Franklin, A. G. and Dah-
lstrand, T. K.(1975), “Influence of Mechan-
ical Variables on the SPT", Proc. of the 7th
Specialty Conf. on In Situ Measurement of
Soil Properties, ASCE, Voll, pp.287-318.

de Mello, V. F.(1971), "The Standard Pen-
etration Test, A State-of-the-Art Report”,
4th PanAm Conf. on SMFE, San Juan, Puer-
te Rico, Vol.l, pp.186.

Riggs, C. 0.(1986), “North American Stan-
dard Penetration Test Practice”, Proc. of
the 14th Specialty Conf. on Use of In Situ
Tests in GED, ASCE, pp.949-567.
Robertson, P. K. and Woeller, D, J.(1991),
“SPT Energy Measurements Using a PC
Based System”, 44th Canadian Geo. Conf.,
Vol.l, Paper No.4, pp.1-10.
Sanglerat, G.(1972), The Penetrometer and
Soil Exploration, Elsevier Scientific Publis-
hing Company, New York, 487pp.
Schmertmann, J. H.{1975), "Measurement of
in Situ Shear Strength”, Proc. of the 7th
Specialty Conf. on In Situ Measurement of
Soil Properties, ASCE, Vol.2, pp.57-138.
Schmertmann, J. H.(1878), “Use of the SPT
to Measure Dynamic Soil Properties -Yes
But---", ASTM, STP, NO.654, pp.34]1-355.
Seed, H. B., Tokimatsu, K., Hard, L. F. and
Chung, R. M.(1985), “Influence of SPT Proc-
edures in Soil Liquefaction Resistance Eval-
uations”, Journal of the GED, ASCE, Vol
111, No.GT12, pp.1425-1445.
Skempton, A. W.(1986), “SPT Procedures
and the Effects in Sands Overburden Press-
ure, Relative Density, Particle Size, Ageing
and Overconsclidation”, Geotechnique, Vol.
36, No.3, pp.425-447.
“Pile Driving Analy-
sis by the Wave Equation", Journal of Soil
Mechanics and Foundation Engineering Div-
ision, ASCE, Vol.86, No.SM4, pp.3>-6L.

(x4 24 1996, 12. 20)



