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ABSTRACT

For quick and accurate ground investigation in wide construction site being not easy to access, advanced dynamic cone
penetration test equipment was developed based on widely used equipment abroad. Advantages of existing equipment of
portability and simple testing method were reflected in the new developed equipment. Meanwhile, by extending connection
of lower rod, penetration depth is raised to 6m from 1 m of the existing equipment. Moreover, by assembly of hammer
(24+3+3kg) and cone (3 types) etc., it is possible to perform test under the same conditions with those by German and
Japan dynamic cone penetration test equipment (Tsukuba, PWRI and SH types). Auxiliary equipment was applied to make
sure of perpendicularity as penetration depth increases. Applicability of the new developed equipment was evaluated through
tests on various fields and its reliability was verified.
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Handle
Upper stop ——
4————— Hammer 8 kg (17.6 ib)
-or-
4.6 kg (10.11b)

575 mm
226in

Anvil/Coupler —,
Assen’n’bly I

P +—— Optional sliding
Attachment

39.4in
t

|— 16 mm (5/8 in) diameter
Drive Rod

Variable
up to 1m,

Measure with graduated
Drive Rod

or-
+—— Vertical Scale [Rod

Tip (re’plamble point —— s:l‘

disposable cone)

(a) Schematic of DCP Device
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Fig. 1. German dynamic cone penetration test equipment (ASTM D6951/D6951M—09, 2001)
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Table 1. Specifications of German dynamic cone penetration test equipment

ltems Unit Specification
Hammer, M kg 8.0
Dropping height, H cm 575
Self weight (exclude hammer), T kg 5
sectional area of cone, A om? 6.28

ol A R, T2 AR BN SHARE 4] 2
Lot Ska(17.6 1bs)2] sf, sfmlel At 252

O TSk 212 16mm, Z0] 575mme] A ZE o7 tt
A FEo g o]Fo|x] qlrk sHRES SRR FA 9

YA E7HK) Aeshe S 16mm, 2] 1,000mme] 5
FREC 1 o ANHOR B BOR LA 9)
oh 2 AIYE Fig 1b)sk Zo] A 20mme] U5 7}
60°2 LA E2A= PR E 1,000mme} £U5}]
U 23 71wl JefE o] qlom, SHEE gof 23l
of Ag3to] Imm W12 Fo] 124 gk

AR Ae= L 4 JEHE AIRE 5 8ked
HE AFEF7HA] SBIL Ay HotAA SRR
ALE= st AuA7t SAs02 o] st
REo]| Hg

AR o]oh e TPRL WEste] o] Ay
o BT 18] Bh2o] e BT ‘

1 o] AEE AAsH= AlE WO Z(ASTM D6951/
D6951M-09, 2001)+= S48l o BIEHPR: mm/blow)
& S SHE A WAHE F7 Ae Lol

Bargro R aAFo| vl |57 (Ministry of Land, Transport
and Maritime Affairs, 2011)¢] 283t}

A% At 2A0 = ﬂ—i\—El U} 312= 53] oA} 79
2k PRZ)©] 2mm/blow?l AU A & A7) 81| 5]

Jurong formation
o Bukit Timah granite

Cone Resistance g (Mpa)

0 L s ' s L
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Standard penetration resistance
N(blows/30cm)

60

(a) Singapore foundation (Chang, 1988)
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Fig. 2. Relationships between SPT N value and cone resistances
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A= N 2 Aol 2 Al Hol= Wi A e ARETE d7)odl= FE7E Al

of, otzE|7toll Al =33t A9 Aibs FAFS =T 4TS
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<= 37 A= sl Yol A[2lot HEES dides 4F

ZYHAYUUE Faso] 2AFTE] PAS ARel Aol QAo ALGHT QL 7ho] B T T

Rout BAF A=TE AX I BAE USR] Zekaich A% 7| (portable dynamic cone penetration test, JGS 1433)
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MA L OPPRA AT S Gl AT BES 9 lobuhg fatoR ApuE B 93 BIAEIKDK
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Fig. 3. Penetration index varying with dry density and moisture content
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Fig. 4. Different types of dynamic cone penetration test equipments in Japan
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Table 2. Different types of dynamic cone penetration test equipments in Japan and their specifications

Type Hammer weight Cone specifications Testing method and condition
Tsukuba 5k L=70mm, Required number of blows by penetration of 10cm
type g 25mmo, 60° ended at < 20mm penetration by 10 blows
PWRI 5k L=56mm, Required number of blows by penetration of 10cm
type g 30mmo, 60° ended at < 20mm penetration by 10 blows
_ Required number of blows by penetration of 10cm
L=56mm, )
SH Type 3+2kg 30mmo. 60° and penetration per blow
®. ended at < 20mm penetration by 10 blows
Boring Soil Penetration Boring i Penetration
log area Nd N log Soil _area Ndvalue Nvalue
0 @ 3o 1 1 1 2 0 D 2 Ohwnn omonnws
2 i Sandy
@ silt Test
p | 1 Pros
€ Peat I: P:“i j
P Pros g
¢ 2 — pecti p 2
ng t
ﬁh Pros. \ d h .
ERER I 14 " PR B 15 Bl
i = 4 4
= Clay ) & b
= 2| |
=N . Z
(a) Clay foundation (b) Sandy foundation
Fig. 5. Comparison of Ny values and SPT N values
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Table 3. Specifications of advanced dynamic cone penetration test equipment

ltem Constitution Note
D Handle 1set - asse‘mb\edl and ponneoted vv\th‘guwde rod .
— required high stiffness for drawing of penetration rod
o) Hammer 3+2+3kg, combined type of hammer — assembled by 3 hammers of 3kg, 2kg, 3kg
(8kg: SH type, bkg: PDCPT, 8kg: DCPT) — the weight considers handle
@ Upper guide 160 X800mm — upper part connected with handle, lower part connected with anvil
* rod (fixed dropping height) — fixed dropping height
. Knocking head — upper pgrt connected with guide rod, lower part connected with
@ and anvil 1set penetration rod
— penetration can be measured by each blow
e e
rod (penetration depth 750 X8=6,000mm), P ) ' P pop
— Scale by interval of 5¢cm
(DCPT) 20mme, 60°, L=445mm — upper part connected with penetration rod
® Cone (Tsukuba type)25mmo, 60°, L=70mm — 3 types
(PWRI and SH type)30mme, 60°, L=56mm | — consumables
hol I - i
@ bo_r_e o.e wa H=300mm, inner dia=10mm upper part connect with lateral plate. _
stabilization pipe — to stabilize borehole wall by penetration into ground
Lateral — connected with 3 vertical pedestal and borehole wall stabilization
ot outer dia,=400mm, inner dia,.=110mm pipe
P — 4 installed shear keys at the lower part
Vertical — Connected with upper support fixed bed, lateral plate
® 160X 900mm: 6 EA *
pedestal @ mm — Assembled by 3 sets with each set of 2 EA
© Fixed bed 1set — Connected with 3 vertical pedestals

28 x5
Q4] 54 2 BANE7|(ske),
TUAIE 7] Tsukuba type, PWRI type(Skg),
SH type(3kg) 2] Aol BHA| Aldd& 348 &= Qich
wheba], SPT ]\WHIO] 10]5}kQ1 AoFet A|dtof gt 2
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Table 4. Cone resistance for different soils

Soil type Cone resistance (kgf/cm?)
Mud 1 ~10
Silt 6 ~ 15
Very soft clay 1~ 15
Clay
Medium clay 15 ~ 30
Stiff clay 30 ~ 50
Very gtiff clay 30 ~ 70
Loose sand 2 ~ 40
Dense sand 50 ~ 300
Sandy soil Dense clayey sand 40 ~ 70
Loose sand with gravel 5 ~ 40
Dense sand with gravel 70 ~ 350
Table 5. Test results by German dynamic cone penetration
BH-1 BH-2 BH-3 BH-4 BH-5
Depth ) Depth ) Depth ) Depth ) Depth )
(cm) Soil type (cm) Soil type (cm) Soil type (cm) Soil type (cm) Soil type
10-815 |Very soft clay 10-835 |Very soft clay| 10-60,0 |Very soft clay| 1.0-47.0 |Very soft clay Very sof
535-595 | Medium clay _ _ 1.0-75.0 clay
60.0-71.0 | Medium clay | 47.0-73.0 | Medium clay
815-88.0 | Medium clay | 595-855 |Very soft clay
i 71.0-82.0 Stiff clay 73.0-78.0 |Very stiff clay
. 85.5-90.0 | Medium clay 75.0-93.0 Stiff clay
88.0-93.0 | St clay |90 930 | stiff clay | 820-93.0 |Very stiff clay| 78.0-930 | Stilf clay
M* > H 15em A= WEH7E Ao A AAe H& a2fshH, A%
Cone resistance, k:gf/ch(Rd)= 1 @) ezt Aol I%F & atejetd, Al
e(T+M)x — ZAL A BolE FEQ] A%(0.9~1.4m)2}F FARSITE
AukzAtolA 7bg del BgET gl SPT NG
_ {BIRE 7Vro] z|Hlo] Il EA Wy
o7|A, e : T Zo|/EFE 314 cm/blow) Table 60 LR Hle} Zro] 2|uke] Fo12] 54 H7ie}
M Sz eke) Aol Aol ol 52 & BN B84
74 X]—/\ Al A5 H FRA|HLS
T : #uus=o](cm) HESE7] flall, AEAFS AAISHITE 2 AHAIEE
3 _:_140 ZAolo 57 O]l S
4B gEAEemd) ol tiet FARLEAIo] 3511 S1 2o 00
AolA AAlekGIth 4 & BPAA =R At
El 746(}3}% astarE T} 544 o S5l g T A APgste] SPT Ngtake] AHaAlE vl asts)
. o A5 Z] Zlo] =]
0193k 2= 9Lo.m(Oh et al, 2009; Oh, 2010; Kim et al, "1 L @& Table 7, Fig. 9l eorsict. Ngke] 57

2006), CBREE= AFsto] edAlE 7+ = ItiMinistry
of Land, Transport and Maritime Affairs, 2012). E3}+
Table 40| e B9} Zho] 2 AFA]=S o]8slH 72k
Ql EAO A= 43 4~ QJtKweon, 2009).

=
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Table 6. Various practical applications of SPT N values

Various practical applications

soft layer or not

Synthetic judgement on ground

geology of ground and strength distribution
possibility of penetration of pile or sheet pile

permeable layer or not
depth of bearing layer

* relative density * internal friction
Sandy soil * bearing capacity coefficient * liquefaction or not
Engineering * void ratio * elastic settlement, allowable bearing capacity
characteristics * consistency * uniaxial compression strength
evaluated by N Clay * undrained cohesion * allowable bearing capacity of foundation
value * beading capacity at failure
Pile * vertical bearing capacity of pile and lateral displacement
* foundation modulus, deformation modulus, S wave speed

Table 7. Measured N values and cone resistance in OOconstruction site

BH-1 BH-2 BH-3 BH-4 BH-5
- measured depth, (m) 1.3 1.4 0.9 0.9 1.4
N, (blows/30cm) 45 28 50 35 13
CPT measured depth, (m) 1.0 1.0 1.0 1.0 1.0
cone resistance, Rd(MPa) 3.59 2.82 5.28 4 61 2.05
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Fig. 12. Boring investigation and advanced cone penetration test (in Paju)
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