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Evaluation of Shear Load-transfer Barrette Pile in Sandy Soils

o] A & Lee, Sang-Rae

LI IS Park, Seong-Wan

S Lim, Dae-Sung
Abstract

Recently, the use of barrette pile has remarkably increased for high-rise building and bridge foundations. However,
relatively few studies have been made for analyzing barrette pile behavior by considering shear load transfer on interface
between pile and soils. Therefore, in this paper, an empirically derived equation is proposed. This equation correlates
the load transfer curve of barrette piles with the N value from field standard penetration test based on full-scale load
tests. The results from all procedures are presented. In addition, the effect of interface on pile-soil is evaluated using
3-D non-linear finite element method and verified with the field data.
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Evaluation of Spatial Distribution of Consolidation Settlement
of Songdo Marine Clay by Probabilistic Method

2 5 3 Kim, Dong-Hee
3 o wr Choi, Young-Min
o] $ A’ Lee, Woo-Jin

Abstract

Because the thickness and depth of consolidation layer vary at every location, the consolidation settlement and time
have to be evaluated spatially. Also, for a rational evaluation of the uncertainty of the spatial distribution of consolidation
settlement and time, it is necessary to adopt a probabilistic method. In this study, mean and standard deviation of
consolidation settlement and time of whole analysis region are evaluated by using the spatial distribution of consolidation
layer which is estimated from ordinary kriging and statistics of soil properties. Using these results and probabilistic
method, the area that needs adopting the prefabricated vertical drain as well as raising the ground level for balancing
the final design ground level is determined. 1t is observed that such areas are influenced by the variability of soil
properties. The design procedure and method presented in this paper can be used in the decision making process for

a geotechnical engineering design.
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oz asjEglon, 1960d T = mapaol x| AskR}
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= FA%S A4S H7ls= MAPE(Mean Absolute
Percent Error), MAE(Mean Absolute Error), MSE(Mean
Squared Error), =32 1}o] H3FA-S H7)5H= PBIAS
(Percent of BIAS), o|=2] i & 4(effectiveness)2 B 7}
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o1 Batsichs AR Slolloh, PEIASE 09] 7

s4A} YEA YYD T % Uk B9, G
o] 1002 A$ole B 2Aolekn ¥ 2 gle
o, GELo] &Y Bfoe P42 AEFe e
ARgBhE AET AEAo] gtk A 2ulgit(Santra
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Seperation distance, h{m}

5. 2010c), (c) MBS SIFAT

E 2. NESEE F¥due Mely 2MAn
Estimation method MAPE, % MAE, m MSE, m? PBIAS, m G

S SK 31.825 2.593 11.677 —0.531 46.0
ﬂ-’f—E?HIO OK 26.104 2.408 9.831 —0.051 54.5
KT 25.741 2.447 9.843 0.018 54.5
oo SK 116.330 1.355 3.622 -0.214 22.9
E;J OK 96.480 1.209 2.973 -0.129 36.7
KT 102.109 1.269 3.195 -0.179 32.0
Has SK 95.096 1.072 1.903 -0.416 27.8
SEAT OK 97.021 1.064 1.870 -0.413 29.0
KT 124.510 1.102 1.997 -0.434 24.3
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Evaluation of Spatial Distribution of Secondary Compression
of Songdo Marine Clay by Probabilistic Method

2 % 3" Kim, Dong-Hee Wi 4 F  Bae, Kyung-Doo
2 A @ Ko, Seong-Kwon o] & A" Lee, Woo-Jin
Abstract

Settlement at reclamation area caused by secondary compression should be considered using spatial evaluating method
because the thickness of consolidation layer varies at every location. Probabilistic method can be implemented to evaluate
uncertainty of spatial distribution of secondary compression. This study spatially evaluated mean and standard deviation
of secondary compression in the overall analyzing region using spatial distribution of consolidation thickness estimated
by ordinary kriging method and statistical values of soil properties. And then, the area where secondary compression
exceeds a design criterion at the specific time was evaluated using probabilistic method. It was observed that the area
exceeding the design criterion increased as the variability of Cy /(1 + o) increased or the probabilistic design criterion
o decreased. It is considered that the probabilistic method can be used for the geotechnical design of soft ground when

a probabilistic design criterion is established in the specification.
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Sorption Characteristics of Arsenic on Fumace Slag by Adsorption
Isotherm and Kinetic Sorption Experiments

2 # %' Oh, Cham-Teut o] 4 4 Rhee, Sung-Su

Toshifumi, Igarashi’ A4 % A' Kon, Ho-Jin

o] ¥ & Lee, Won-Tack ub F W° park, Jun-Boum
Abstract

Sorption characteristics of arsenic on furnace slag were investigated to remove arsenic from groundwater using furnace
slag, which is industrial waste generated from steel company. Adsorption isotherm experiments and kinetic sorption
experiments were performed and the chemical characteristics of supernatants from these experiments were analyzed.
Results showed that all supernatants were alkaline (above pH 9) and the highest ion concentration in the solution was
found with calcium (30 ~50 mg/L). Results of adsorption isotherms were more adequately described by the Freundlich
model than Langmuir model. From adsorption isotherms experiments, it was noted that the adsorption amount of As(V)
was 87% higher than that of As(III). Results of kinetic sorption experiments were more properly fitted by pseudo second
order (PSO) model than pseudo first order model. Equilibrium adsorption amount (g.) and relaxation time () calculated
from PSO model increased with initial concentration of arsenic. Equilibrium adsorption amount of As(V) was higher
than that of As(IIl) and relaxation time of As(V) was shorter than that of As(Ill). Adsorption isotherm results could
be predicted by kinetic adsorption results, since equilibrium adsorption amount calculated through PSO model generally
agreed with equilibrium adsorption amount measured from adsorption isotherm.
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THolXlae} Had, 2004; ©|913] 5, 2003; FFFTeEtEh
2005). Hlax= Rk 0 & R[sjeolli] As(ID2t As(V)<] e
E EAp, et g AEleE Ar1des 588
785 LAl ZmgAJo]31(Yoshida 5, 2004), H]47} As(ID2)]
FEHZ EAE A AslrE B3 oled E3 Foplct
(Dutré9} Vandecasteele, 1995). 0]t 37 3(USEPA)o) A=
H0] 3 {3l oz QI8 S-8<= W3 715 50 ppbell
4] 10ppbE 3 RIH(USEPA, 2001), Wjollil= o}z ¥
#7120l S0ppbE FAI=|TL UTHEAR, 2009).

Hlaes F2 a43410 &5 53 4lEey,
ol 7t 283 34 HPgAR: F 1,000007) o)
o8 HuEn o]F 303704E FARIT 3 44 ¢
Agto] BF AL dod 7HsAo] e AR B
HATHEEA 5, 2004). FAA]H2] 2 AH A3lpE
Aglstr] fgt Ao vheHAvE 2 T4
I Sl BRHEAlE AX W {Augo] MRt &
Ae= Bhe-Ed] wet tofst L EEdd] avtao
2 2| go] 73t Aol ATHAAEN 5, 2007). Uk4
o8 HAe AL Za4 QAEAY A, vHSHA 9
SAE B4 S-S B AAHER uhey
AE AASE Ao 21 823 g 2 dEdTe] &
ZEAE Tiofsl= Ao] g3 ojrt

S, AAA o2 =A% o] digh AHE A BAo] 1
ZEHA 2T USEPA= L AR Y-S A3le of 4074
P71 AP Slrt. =43t F3A] =E 87
7 FEF2 st FAHH o]dg Y Fdl= Yo
2 A A-E dAsE AL Totd, 57189 A
| AFHNA] LS 2 5L AlAE 44 59
WS dskal ITHUSEPA, 2008). o]2jgh 5443}
o) ggto g FHlo|u} ) glolol, A7 &l I(furnace
slag) 53 22 &g Edolu 4 W8S 24
= B8l A7 AYE T 9 omi(Lee 5, 2008; 5
o =, 2010; Zhang} Itoh, 2005), £3] A7} S 1=
Az gHE7} Golotal, dFY w2 8= Tt
3] A= Q= A #H71E F shuolnk A &8
T AES R we o dgske BARER YA, it
& o T, FHEE, ofd, Hla 5o 0 EEAS Atz

38 S=AEBER=2d AR Mes

P

o082 AAT 4 e FAAR EirEY §ItkDimitrova,
1999; Lan %, 2006; Dimitrova, 2002; Gupta 5, 2001;
ZhangT} Itoh, 2005). =uj9] ¢ 2hd $hafl 7839+ E9]
A7 g7t BAstA e o)F RES HEE &
A(43.2%), =28 ZA(27.2%), FAA AE21.7%)L
2 A&E HAAWE=FEFE S, 2010), LHEE A
AE Y3 SHARE obd EEEHI A gk
olof & AtolAE A AT B Fa% 2%
Eo| st S50l wof AEE FHEERA &
go] gogt A7} &Y 2E A AAE % FRA=
E-g3tara) vjao] Al 415t FEfQl AsI2} As(V)
E e FEAE Brislsinh ol A8 A &
o) 221 2. WA ARE AmEgen, A7 &
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sorption model)of] Z-8A1H FAEALE Hrletgch
2. 2 G "
2.1 48 M=

£ AFoAe AsID As(V)E LHd=d= AAst
ol T FAAIR A edas Agste 2
Bt A7 1 9 GAE A
g FAER WA S22 88 ) SRR
38 31HE 4 Qe E Waf|a7]9] Lk(sieve #20~
2 A EEjste ARgstgch A EHE €= F
B8 A7 B A AR AEHE B 3 ARSI,
71821 EE|3ety AJ@2 Table 10 Yehfqich
A} ST T pHIES 2 LA 24 A
o2 RIS, Fo7 Yroll A7 edfae gut
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Table 1. Characteristics of furnace slag

H Specific surface CEC Hydraulic conductivity
P area [m%gl | [cmol/100g] [x10~%cm/sec]
12.6 5.74 1.33 1.01




Table 2. Chemical constituents of furnace slag

Element Wi, (%)
Si0, 14.23
Al2O; 5.23
TiOs 0.62
FeO, 35.67
MgO 2.95
Ca0 35.01
NaxO 0.31
K0 0.15
MnO 3.60
P20s 1.34
LoP 0.88
Total 100
P10l : Loss on ignition
B4 4 A& Si0y, ALO;, FeOs7t Bg 7S &4

& %ZWE ARg-0] 7}53h, Si0,, ALOs, FeO; A5
=°| pHE S7HIItE Bastglct webs A7 &
= SlOz, ALOs, FeOs 5 OF 54% 2§81 glo] S
2 7hs/do] B2 AR whaEH, A &#i1e) pH
7F &2 o= o 38% e Ca0, K:0, Mg02] 43
3 Aem BEAESICH

;1~>

Aol AH2E As(ll)= 1,000mg/L =0 F2H
(As;0s, Kanto chemical Co., Inc., Japan)S 32+ SR/

2 343FH T, As(V)+ Sodium Arsenate(Na;HAsO4+
THO0)E 4AES Aol 33 SH4E S9N 22
TER 72 At

il

2.2 MY g

It

As(lIDel As(V)oll et Al o1 SA549S 3
7hel7] A8l S8 AT AR AEE Yo
ik B A dole o Al
A 2§1 o)Ak vl HIIES ARSI SalE e A
xﬂﬂ <771 1.00g2}t 100mL 2| H|4~8-91-8 250mL
g H7rEesa ”0} BHSAIZ L, 52
~10mg/L H¢

= = S

rﬂ

A7171 S8l 170mpm o] 3ld& o] - =
7b 2o} wHlshth BAZAF A3 A9 ujAo] 27
FT=E 0~8mg/L tHTgoM ) =52 Reke] |23}
oLy

¥

|
ﬁn
)

HES- A7t SaFFe] HskE aolr ] 98
2} 10, 30, 60, 120, 180, 360, 14405 E-0} Bl-S A7 T)

dh-o. & o] AFEOHO. (3 45um Millipore sterile filters2 ¢
3} %, 4] pHE A0, FANLE ul v
ool EAsl= ol &FY FEE A ol
S 2abE 18 s(cation chromatography, Dionex, ICS-90
Ion Chromatograhy System)Z WEE, ZHE, ul1dls,
4] =8 S8, ol LRrHE I F(anion
chromatography, Dionex, ICS-1000 Ion Chromatograhy
System)2 2y, 4HEY] H=E S CH, HAE
3 YRulE, B4 7IEE, A8, e, W 8 A
%, ofd, A9 vow FEAY Sdz=ut EEEAY)
(ICP-AES, Shimadzu corporation, Japan)= 2438}t
FE A Sepxn B4ERA7IR BT BEES &
£9] G Wsy] Yol 11 M 529 G4t
H2(2F 0.005ml)S 271510 AR 2 A 74
B4 A7pA) 6 CollA Hakatdch
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A7 &EiLo] gk v T3 AR
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o} FAEAY v S 7H% Freundlich 29-&
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A (HE ZJsH,
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.
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M
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2

h r‘

§=K,C" (1)
CmglL)= BEAHY o] &4 W LHdEH9 55
0|3, S(mg/g)= F2HAl) SAH 840 Ao, K&}
N& Freundlich mglo] 22} AEo|th Freundlich
ndy 3k 9] AHE-EE Langmuir 282 S22
o] FAA| 9] e TFo R FAE Tt 7Ykl of
ol A 2 &Y,

. Gk C
ST+ kC

@
gun(mg/e)s T A, ke
229 G Golt,

Azrol wpe Az &) &
2k g ale B3] B9, R pd £
FaHe wAlEY AUHAOR ALg
3} §Afo|apm o] Ag 3Tt S
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dg,
d—(i: k(g —g,) ©))
ol FE3IH A & ¥¢& &+ AUtk
k
log(g, —¢q,) =log(qg,) — 5303 @

7|4, k(l/min)= FAHLRE D] LE4b4, gme/g)
BEAdE A F2A SR 839 % g(mg/g)
ALJXIZE (1/min)of| A F&HA o MR 82 9 Fol
ok AR Gy fALIRRES A (5)9F o]
FEE(Ho2t McKay, 1999),
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L
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dg, ,
N )
ol2 Hustd, 4 (6)& A& = Ut
t 1 1
LA S e 6
o (q) ©

o171 K g/mg- min)s -FAIOIXpRE 0] &mAlSo|ct,
Yu(2008) 41 (6)14 qidtel 0.5¢.5 THyste] 7t &,
£ 98bA 7H(relaxation time) 2.2 FFATHA (7). &
SAZEE FAAZL B AEe] 50%e] AR B3
22 Ho|7|7kx) Wad weA7te ojnjstug S|
o odE At HIEHES WA & Qe ARt
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Table 3. Leaching results of furnace slag

718 SEAEHEAEE, 2007)°] e §EAYEE
85191, o} Table 30 Yttt SEAF AT
BE B 20| 7[7|AE 7IE ol TR EA5)
o tjRE ] SR AHE A 7|EX(EEE,
2010)Hc} W2 s=g Bk ®3 F4, U7 A
¥, ofd, ol izt B2 0.lmg/L Hr} 22 F=
£ Ho A s 23t 23 29F Thede W
Aoz gt

M
sl

ok
1%

=

M
HI

FAAEE st W8N 9] A|7to] wE pH s}
£ Table 49) Je It 27155571 10mg/L.]] As(Il)
9] A% 7] pHE 5.001A% A7 29} g &
105 ool pH7} 1072 A53tgiet. ¥H-3-8H €] pH
£ A% &1 e g Frlsitrt kgl AyH
WA thh FAshs A BEAR 3 90149 o
NAEE 2R8I, o2 275N E TET
FE 2ok B3 As(V)E As(Dot AR B3 2
EEEEERCEESLE L

FHARoRRE o BE WEEAS Hli0t
FESE o5 FEE BHY A% 7l=E, 28,
72, W2k, ', e, obd, 8ol SEE 0.0lmglL of
2 ZA8H AL, B4, gFulE, vtavle, SAES
Smg/L olstE EAston, UEE, 8, 949 B
oF 10mg/L 3to2 EA3ch shARt Zwo 3¢ 30~
50mg/L Atojo] Zh& Zt= ACE FRIH & &0 &
Ashs tFEe] o] 22 gl Ao2 FRIF. o
£ 53l A 19 35%E FAske CaOoA L
o] £ 02 g&xlo] pHE £ AL & FHHTh

Fig. 12 A7} <19}k u)49] Ajte] wg F2RkE
A Zwo =t Hld FaF BAE Uehd 17

Cd Cu Pb As Hg Cr ot
(mg/L) (mg/L) {(mg/L) (mg/L) (mg/L) (mo/L) (mg/L)
Legal standard 0.3 3.0 3.0 1.5 0.005 - 15
Furnace slag ND @ ND ND ND ND ND ND
3 ND : Not detected (< 0.01 mg/L)
Table 4. pH variation in kinetic sorption experiment
Time (min) 0 10 40 60 120 180 360 1440
pH 5.0 10.7 111 11.1 11.3 11.3 10.3 9.1
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Fig. 1. Refationship between calcium concentration and adsorption
amount of As{ill} from kinetic sorption experiment

22, A% 2dacA Dol §EYES HlagAol
S7Fhs Agko] BRI=EI. H7] Al pHEZ ol A]
= As(Il)7} H,AsOs (pH 9~ 12)2, As(V)= HAsO4” (pH
~12)2 TRE Sole HE e A5 (Bard 5, 1985),
Olt e Agele] Be4EAR YA 4 Aok
A3l AL S(Bothe?} Brown, 1999; Zhangi Itoh, 2005)
& 3l A & 2NA SEE dwol vlaot At
of 284 B2 Ao W) £ A
AR WA 35%011 FGsH= FeOsrS X3
ol ol FHE BABH: ulad) B B0E F=
|-5-8HcH(Ferguson ¥} Gavis, 1972; Altundogan £, 2000;
Roberts 5, 2004). whehA| v]a-gHo A7) Lujjof <
o §28 Zaolee] GOE Cans Foo) B84
SRS FAsHAY, S8l EH) H AskEe] g3
HHA AAE Aer dogEriMacRae F, 1999; Ahn
5, 2003).
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Fig. 2. Adsorption isotherms for As(lll} and As(V) on furnace slag
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ik E3, S B3 Bla A7A
BB FAEALE As(IDET} As(V)oll thigt S23h%
o] i £2 Ao dA ANE As(V)E A=
Rlofl tigt A7 A= AeTCEAE 5, 2006; F
29 5, 2000, A% £H1E FHAR 2L vl
A1 O AIE AV ISAIENE S o
279 FHNSL UG 4 9 Ao waEL:
Table 59JA] Freundlich F&l2] ARMANR) | Langrmuir
wao] Al ghrck o 2 2S5 I 4= Uik
32004 vlae A Slaol H g A3 3
gt ofet A7 & LofAl §EEOl U Aadt 28
A S gtk A% 80l dddds A
RIElYE, ols B9 ©F F2HS 7R Langmuir 2
gk sjebd Falak A 2RAAE Qs +8
&t Freundlich &lo] 7|3 717gof| o 2 RgErt wehA,
Ad &} Blao] 5282t WA= Freundlich X
ol 283l o] o FelAl Aow wedn 4yt
Hog N7fol 0.1~05 Ato|d uf e FEHL FAA
folahA F2HEhal dEA L, Kl 3ol 55
Al o] FAo] Sl Aok UEA QUrieon &
2006; o] &g 5, 2009). wpehA] E A A AS(V)‘C_‘
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Table 5. Parameters of Freundlich and Langmuir adsorption isctherms

Freundiich adsorption isotherm Langmuir adsorption isotherm
N K R? Gimex a R?
As{lIn 0.7154 0.0584 0.9979 0.4820 0.1325 0.8985
As(V) 0.3675 0.1797 0.9940 0.3760 1.0308 0.9775
S o SN 23 AS S5 MY SIS BiA X =42 41



Table 6. Kinetic parameters for pseudo first order model and pseudo second order model

Pseudo first order model Pseudo second order model
e qe ] : e ke
{mg/L) {mg/q) (1/min) (mg/g) (g/mg - min)
0.86 0.027 0.0071 0.028 0.4876
As(l) 2.09 0.040 0.0069 0.041 0.3291
4.28 0.070 0.0043 0.076 0.0738
6.53 0.107 0.0027 0.125 0.0247
1.42 0.115 0.0115 0.117 0.2717
As(V) 2.36 0.157 0.0056 0.165 0.0590
417 0.227 0.0055 0.241 0.0377
6.14 0.280 0.0052 0.296 0.0288
(a) 030 b) 030
( ) ™ Observed ® 142 ppm
5; 025 -~ ).25 — P8O model ® 2.36ppm
3 % A 417 ppm
E £ v 6.14 ppm
pot 0.20 - = 0.20 4
c c
3 3
g 0.15- 2 0.5
§ g
s = c
S o.10- © o010
‘g. ® 0.86 ppm g‘
@ 005 ® Observed ® 209 ppm $ 0.5
p-. -— PSO model : P o p-.
0.00 4 0.00

0 200 400 600 800 1000 1200 1400
Time (min)

0 200 400 600 800 1000 1200 1400
Time (min)

Fig. 3. Adsorption amount of (a) As(lll) and (b) As(V) on furnace slag with time

AsUIDET}H KZko] A3 As(V)e] NZro] 0.1~0.5¢1 A
2 53] As(V)7h As(IDET} A7 S 0] ol

Fete 2e AT 5 it
34 SHEX oY

Xﬂﬂ S 2o tht u]axo] A7t wE FAHER A
AIE FAFRAGR DT fAtolabdof| H-GA)F 1L,
i 754—]—— Table 6°] UEeYSich
7 2dE B3 AST Y F2THg)2 H49 =
7Ve=7t 7l wet F718laL, 2o =44
(b, k)= 271%%7F 713t wet dasts 3¢S
Btk S APANE F 2l Hg “z 27,
AUAG0] B2 FAFEREEo] 0.9765, FALOIR}
Hdo] 098148, A7} SefLet vlao] FAE2 AY
7%% Fratolztd o] HEA7]= Aol ¢ FElHo]
= g EIF = Utk
A7} &el1o) gt A7k wE w4 .,?;;Z}%k% Fig.
3o HERAS fAboI AR E S B3l HAE FAAS

42 S=XLIEER=28 RI26d H9Z

0304 [—w— As(lll)
1] —e—As(V)

(mglg)
:

PSO model
]

Initial concentration (mg/L)

Fig. 4. Adsorption amount of arsenic on furnace slag calculated
from PSO model at various initial concentrations
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Fig. 5. Relaxation time of arsenic on furnace slag calculated
from PSO model at various initial concentrations
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A Study on the Injection Efficiency and Strength for Grouting Method

7 A 3F Kim, Sang-Hwan 71 ¥ &' Kim, Tae-Kyun
2l A ¢ Choi, Jae-In 9 7] ¥ Yim, Ki-Woon
Abstract

This paper presents the injection efficiency of 2.0 shot system which was verified by strength and injection time.
In order to perform this study, laboratory model tests and field tests are carried out. The laboratory model tests consist
of the test of injection time for verifying the injection ratio, and the tests of homo-gel and sand-gel strengths for estimating
the characteristic of strength. It is found that the injection ratio of 1:2 shows the best seepage into the ground. The
results of the strengths are also larger than other injection ratio. The large strength will also be expressed by field tests
at construction site.
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Compression and Tensile Characteristics of Lightweight Air-Trapped Soil

o] o ¥ Lee, Young-Jun 2 A ¥ Kim, Sung-Won
vl o] ' Park, Lee-Keun 71 & ¥'  Kim, Tae-Hyung
Abstract

This study is experimentally investigated for characteristics of lightweight air-trapped soils with uniform quality.
Previously, EPS (Expanded PolyStyrene) blocks are often used as lightweight embankment, but many problems such
as the level difference and cracks were caused by plastic (creep) deformation. So, a new material development is urgent.
By means of alternatives, lightweight air-mixed soil using in-situ soils has been developed and applied to fields. In
comparison with EPS block, lightweight air-mixed soil has less plastic (creep) deformation in long period, but the strength
characteristics are different according to the soils where they are obtained. Therefore, the quality management of
lightweight air-mixed soil is very difficult. Therefore in this study, characteristics of lightweight air-trapped soil using
a manufactured sand with uniform quality are investigated. To found out the compression and tensile characteristics
of lightweight air-tapped soils, unconfined compression test and splitting tensile test are conducted on the specimens

prepared with different unit weight, cement-sand ratio and air-pore,
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Keywords : Creep, EPS, Lightweight air-trapped soil, Splitting tensile test, Unconfined compression test
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Technical Note

Development of Static Rock Penetrometer for Locating Rock
Stratum During Construction of Drilled Shafts
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Abstract

During construction of deep foundation in soft rock under varying soil properties, it is essential to locate the rock
stratum, especially when drilling with slurry. When slurry is used for drilling, the bottom of the borehole cannot be
seen, thereafter soil cuttings cannot be differentiated from soft rock cuttings. A new static rock penetrometer, known
as Rock Penetrometer was developed during this study. It could be a simple mechanical device that is attached to the
bottom of a Kelly bar which is used to attach drilling tools such as angers and core barrels while drilling. After its

calibration in the laboratory, the performance of the static rock penetrometer was verified in the several field test sites.

Keywords : Drilled shafts, Slurry, Field verification tests, Rock, Static rock penetrometer

1. Introduction Likins et al. (2000) indicated that it was possible to

monitor routinely torque versus auger depth on ACIP

Standard Penetration Test (SPT) has been used since pile drill rigs, which helped operators to identify the soils

early 1900 to determine the in-situ soil properties from
the blow counts. Due to its mode of operation, it is
different to incorporate SPT test during drilling to construct
deep foundations. Cone Penetration Test (CPT) is used
in determining the type of soil and various other soil
properties. However, it cannot be used in hard soil or

soft rock because of penetrability problem.

or rocks that were being penetrated. This was done by
measuring the pressure in the hydraulic line that powered
the rotary motor, which is always hydraulic. This pressure,
which was measured using electronic pressure transducer
placed in the line, is transmitted wirclessly to the rig
operator and, if desirable, to a recording device near the

rig to provide a record of pressure (implied torque)

1 A8Y, #4322 FA T2 25O Y AYA T (Member, Senior Researcher, Expressway & Transportation Research Institute, Korea Expressway Corp.,

moonsnam(@gmail.com)
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versus depth of the auger tip. Auger tip depth is acquired
electronically by measuring the drop of the stem of the
auger relative to a fixed point. This process made it
possible to identify the depth of rock in most situations.

No such instrument has been developed for drilled shaft
rigs. This may be because of the wide variety of devices
that exist for supplying torque to the Kelly bar, including
older mechanical devices and newer hydraulic devices,
which make it difficult to develop a “universal” torque-
measurement instrument. Therefore, it was necessary
that the presence of rock be identified with a static rock
penetrometer (SRP) which is a simple mechanical device
as shown in Figure 1 that could be attached to the bottom
of the Kelly bar on the drilling contractor’s drill rig using
the same pin (Kelly pin or tool pin) that is usually used
to attach drilling tools (augers or core barrels).

The SRP was designed to identify a rock stratum during
construction, especially when drilling with slurry, in which
the bottom of the borehole could not be seen and the
cuttings might be so disturbed that overburden (soil) cuttings
cannot be easily distinguished from cuttings of soft rock.

{a) Schematic of SRP

The design of SRP is based on the concept of the “pocket
penetrometer,” which has been used by field geotechnical

boring loggers in clayey soil for years.

2. Laboratory Calibration

The SRP was calibrated in a conventional festing machine
with capacity of 22.2 kN. Three score marks were placed
on the shaft of the penetrometer based on this calibration.
These marks are intended to represent soils or rocks with
unconfined compression strengths (¢,) of 0.7 MPa (Mark
A), 1.4 MPa (Mark B), and 2.1 MPa (Mark C), repre-
senting hard soil (Mark A), very soft or weathered clay
shale (Mark B), and sound clay shale or soft limestone
(Mark C) as described in Table 1. It is noted that these
marks can be adjusted with different rock strength by
changing spring stiffness (Figure 1).

In Table 1, it was assumed that the ultimate bearing
capacity factor for the toe of the piston would be 4 (Nam,
2004). Using the known area of the toe of the piston,
these marks A, B and C represented ultimate bearing

xxxxxx

:::::

152.4 mm or as needed to it spring saugly
g
E _
EL
£

(b) Body of SRP

Fig. 1. Schematic of SRP
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Table 1. Unconfined Compressive Strength Corresponding to Score Marks on Static Rock Penetrometer

SNT;T Represented Geomaterial Unconfined Corrzgpe;sive Strength, q. BearmiqMECj:?acity*
A Hard soil {overburden) 0.7 2.8
B Soft or highly weathered clay—shale 1.4 5.6
C Sound clay—shale or soft limestone 2.1 8.4

*Assuming the bearing capacity factor for the toe of the piston would be 4 with respect to au

capacity of 2.8 MPa, 5.6 MPa and 8.4 MPa, respectively.
Corresponding to the three marks the score marks were
computed and placed as shown in Table 1. It was also

assumed that the bearing failure induced by the piston

[ Note the weight of the Kelly bar

T
+
Slide the reading ring/sliding ring assembly
until it rests firmly against the reading ring pins
Slip the Kelly adaptor over the bottom tip of
the Kelly bar and secure the SRP to
the Kelly bar with a standaid tool pin
Ltower the Kelly bar with the SRP until
the SRP toe rests on the bottom of the borehole.
After a brief (2 ~ 3 second) pause, let the weight
of the Kelly rest on the penetrometer.

Y

Extract the SRP with the Kelly J

¥

Clean the SRP around the reading ring and
score marks, being careful not to move
the reading ring, and read the SRP value

Decide whether the reading
is satisfactory

I Remove the SRP by first removing the tool pin I

Fig. 2. SRP Operation

Reading/Sliding |
| Ring Assembly |

Kelly Adaptor

prior to test)

Plate"

Fig. 3. SRP Mounting on Kelly

of the penetrometer is undrained, since rock penetration
test takes only a few seconds after it is lowered down

into the borehole.

3. Operations

The details of operation of the SRP are important. These
details are summarized in Figure 2. Figures 3 to 4 are
photos of the penetrometer that show most of the ele-
ments referred in Figure 2. The SRP was designed to be
handled by one person.

When Hollow Kelly bars applied to the SRP, it may
weigh 9 to 11 kN for an “LDH” (a drilling rig manu-
factured by Atlantic equipment company, Inc.) or similar
drilling rig. This weight may not be sufficient to push the
penetrometer toe at least 50 mm into sound geomaterial
at the bottom of the borehole, which is necessary in order
to obtain the correct reading, Solid Kelly bars for LDH or
similar rigs generally weigh 18 to 20 kN, which should
be sufficient for a 50-mm penetration, or at least a C
reading.

Letting the weight of the Kelly rest on the penetrometer
will force the piston into the geomaterial until the geo-
material fails and at the same time push the reading ring

into a position on the outside of the penetrometer body

Fig. 4. SRP at Bottom of Drilled Shaft Borehole
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Table 2. Static Rock Penetrometer Readings at Test Sites

Field Site Depth {m) Geomaterial Reading
0.2 Medium stiff wet clay Less than A (min.)
Rowlett 0.9 Stiff, gravelly clay B-C
Creek 1.1 Soft, blocky, highly weathered rock A—B (failures along blocks)
1.8 Sound gray limestone Higher than C (max.}
0.2 Soft, moist clay Less than A (min)
0.8 Tan, moist sand Less than A (min)
Hampton 6.4 Gray, soft, slightly blocky clay—shale B-C
6.7 Gray, soft, slightly blocky clay—shale B-C
. . B—C (w/o Crowding Kelly)
12.2 Gray, stiff laminated clay—shale C (w/ Crowding)
4.9 Stiff clay / clay—shale mixture A-B
Denton -
Tap 6.1 Soft, slightly blocky clay shale B
111 Dark gray clay shale, slightly sandy B-C
The entry in italicized boldface indicates sound, relatively hard rock with g, of about 6.9 MPa.
that reflects the force required to cause geomaterial failure Overbunden Matrials | Sot Ciny Shale P04 C1ay Shale
(through the relation between spring movement and force). 8
.. . . Calibration Li
The reading ring will stop moving even though the penetro- Hihrafion Lme
. i . . « *  Field Test Results *
meter is pushed farther into the geomaterial than is necessary 6 *
. Higher than
to produce failure. C (max.)

4. Field Verification

The SRP was then calibrated in the field in boreholes
that were drilled at three test sites (Rowlett Creek, Denton
Tap, Hampton) in Texas, USA. The SRP readings at
these sites are summarized in Table 2. The readings were
all made in open boreholes under slurry.

The SRP readings in Table 1 were compared with values
of ¢, measured in cores taken from the same elevation
(Nam, 2004). as that of the penetrometer test in nearby
boreholes, as shown in Figure 5. The result of field
verification showed that readings of B, A-B and A were
indicative of overburden materials, the reading between
marks B and C was indicative of soft, sound clay shale,
and a reading of C or higher was indicative of sound,

hard clay shale or limestone.

5. Conclusions

A new static rock penetrometer was designed and built to
be used as a tool to locate the rock stratum during
construction. It was calibrated in the laboratory and
successfully verified at three field sites. Based on the results
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Unconfined Compressive Strength of Rock , ¢ (field) (MPa)

o .
'] A B C 28
0.7 MPa) (1.4 MPa) (2.1 MPs}
Penetrometer Readings

{Unconfined Compressive Strength, q, (Jab) MPa]

Fig. 5. Results of Field Verification

of field verification tests, the static rock penetrometer reading
less than marks B was indicative of overburden materials,
readings between marks B and C (“B-C”) were indicative
of soft, sound clay shale, and a reading higher than C is
indicative of sound limestone or sound, hard clay shale.
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