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Evaluation of Subgrade Stiffness after Microtunnelling Operations at JFK
Airport by Crosshole and SASW Tests
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ABSTRACT

Microtunnelling is a technique applied to install a small-size tunne! in a soft cohesionless
ground. In microtunnelling, a series of concrete tubular segments are pushed from a starting pit to
a receiver pit by hydraulic pressure. The microtunnelling technigque was introduced to install a
power-line tunnel under a runway of JFK international airport at New York. During the
microtunneling process. bentonite is jetted with very high pressure through a nozzle to advance
concrete segments. and, therefore, it may disturb the ground above the tunnel. In this study,
geismic methods such as crosshole testing and SASW measurements were used to evaluate
disturbance in the subgrade caused by the pressurized bentonite in the aspects of subgrade
stiffness. SASW measurements were performed on the runway above the center line of the
microtunneling, and crosshole testings were done at the nearby boreholes for the evaluation of
shear wave velocity profiles.

Besides the change of subgrade stiffness, the change of subgrade strength was alse evaluated by
the site-specific relationships between shear wave velocity and N value. which was determined by
using the shear wave velocities and N values measured at the boreholes of JFK airport. The site-
specific relationships were used to translate the shear wave velocities of the disturbed materials to
N wvalues. The estimated N wvalues gave a clue to the understanding of the change of subgrade

strength.
2 %
ArEd S vlwd dofdt AAx AubE Fosie 722 HY g AT W 443

S 4} oz HY A% fiA«4 dAg B 49 TaAs BE Ao DM ARE
BFss THolTh BlF 449 JFKERe] R YT S48 FANE 48T A

sl g AAYE =53 AYAAL

B I BaE o7



A fA3te] o)A@ vlelzaEdY FHE Amsgn vlela2EdE FHdNE =D
+ AR A8 AET fgez wEdelBg FEFdl ofz it #Fz e A
Hho] @b 7heAlel Algl7lel ® dFeAe EdA g oz Q8 m#e H=g Hrlalr) A3
of SASW 7|3 Z20E APE AU F2E vad A= 71 SASW 7igezs
252 713 F99 AN 43 A2E WL 22AE Adess 52 A A
o) o s%t &= HEHE zAfsqdv =8, JFK FF Al ZAAE 59 £=-N X9 R
AEF AL B3 537 28 N Az v¥goea i AWt M A7l Wt

zdozw Awwee) Heg webspgct
Keywords
integrity testing

Crosshole testing. SASW method. Shear wave velocity, SPT N-values, Structural

.M B

nZ FHFFY e F& JFK FEel
My 7120 F $F= olz AYTE AT
& dart dsich AP 52 olgE F
Feigi 7o) AT AFE HdlME BFE
o xid HAZ sshe HirE s =
= 8529 Arge] 2 ollz Hdg FF
stedok vk JFK FTE-E 2447 A4 -0
He HrFgol7|e AHF HxE 4% F
FFee) AL AFY AAA a9 9
g% 3§ ARE zefdA Hel ¥F
2 A 9% AYT AAe FAeiA &
3t Addo|gie}. LEsle], JFK F39] 5=
dlAlyz vle|mEE]EH oot FHoz AY
TE AlFEd vt

o] A2 G H-E 2] Mo FHE Zoje
Ay T3 E JAE FZoM Foz Hoiy
AT FE3e THeR FAo] 22 Al
E Aube] F=z= Al4Hc) oleojzzE{dye
A E FE FAAT7] SsM w2 e
2 iz F3A Hed o2 s
Aute] w3td 7hsAde] slelAM. JFK FEHe]
BF2o Mz mle]aze|d3oz 3 g3
2 7122 o Ax§ Hrlg a7} sk

2 ATy o)Ed wielmzEdiges
qlale] B3z 7|=o] HdpE = AP
of AFAYEAE #7Ie}7] st vpelz2

68 F14%% H25R - 19984F 4 H

Bde Ao 2 AF AP} SASW(Spectral

-Analysis-of-Surface-Waves | Heisey et al.,
1982 © Joh, 1996) 32 HYst. vpo]=
SR o)A kg sabshr] A ARe
1993+ 79 129 ~ 1599 eHEgen, vlo]
22EdY Fo A% Wee Whe Age
npolmzE'd¥e] A FaY 34 ¥ 9¢
~13¢e] £ A

olgjzle] ¥ AFeME Az AFE AYHH
SASW A gell A#A &2 7|53} A
9] npelzzEdY oz Qg HxkriAde] W
€ Hrietaal dtE . =% JFK 3 #F
2ol W& S} £2-NH PASH BAY
& Foed Au7pae) Wake Augss] Hst
2 olsste] Aubagtel A=g AAstnA o
et

2. A2 AE AlSD} sAasw AlEo| TR

21 AZAE AlY

Fzrg YL AFFA Zold met P
e} sule] £ 58 2= YA Aoz
A g AFF Well e wRlddel s wage] B
ARI(P3} wx sshrh A ALLF do
A e w2 AERT WY A7 A
= AE 2AFozH A AfscE
243 Wyelsh. A 222 AF



heHE P FHE 19 19 2 upg) 2o
o, Ao A" AU (Y= Mok source)
2 svs}, PobE A S e 47) e
2 plF FAakx &2 Stokoe W9t H 3
o) Fedal wpel oalAM AR i, o
3T UM E vl fag Mg o
A7 mabdel wAldeln w3k whxlg]
o olsiA @AH Svehe} pokg A5l 9
&) x] AR8-3 7R17]2E vl Mark Products
Abe] AEel 45Hz 454 (gecphone) 24, o]
2 mofe] WaAlg 87 el 342 =A7) 3
uhek(SV, SH. P3} Hzbubek) o2 AA]xe] gf
oA 3YsFel WEE FA £k WA A3
Hethes B9

22 AE APEE 52 13L-31R 2 elM
25 % 39 A4 Sde] Helon 1Y
2ol IRAE AFle] R A|FTo] A
o] v} ztzhe] IR AE AHE f& Abg=
Al&F-2 €9, 103} ClL. Cl122 FY =W

HP9122 Fleppy Disk Drive

HF3b662A Dynamic Signal
Analyzer

HA e gled. 7 ZRAE AL Hi ¥
A3 Atel2] ZHH-S F3] 12ft(37 m)E H
o] gleh

#g33 13L-31R A ZEAZ AY
2 gFa s o 15t(4.5m) A zeia #s)
o] @ mho]lzZEET e 23 #52 FHI A
Hbof] Hdt o3k Hristr] f)3F A o), H
dFAb oAt FAL o] Fell 28o] WM 22
& AEE fFA3G Z2AE AIPE ¢
B8 A=y As 2ft(06m)el A HH
1ft(0.3m) 7k e =2 A3} 23ft(6.9 m) 7= o}

2.2 SASW AE

SASW 7§ WA £ A9 3
Abgsle] Ak 9l FxEe| AE;H s
ol ZHA W E Asl Aoz uRIY
3} FR7IE BF A ;e ARAElY il
H| 37 Algelt). SASW Ao AlgEl= Wt
Aozt £+ 27395 YA 4+ e

i

R

I

i
T ““
l.'A -
LY 1} =t
altzzem
[’I 4 Orientation Rods

Wire Rope —wlle— Air Pressure Line

. Air Presgsure Line

¢

Velocity

Transducer

(Trigger) T
Moveable —_—

Upper Weight

Liocking Wedge

Maoveable
Lower Weight

2.

[ —emmen Caged  Borehole

3-D Geophone

Packer

s
Wave Propagation

Bchematic Diagram of Crosshole Seismic Testing

HEERTEEE 69



138KV Power Line

Starter ?

jas}
5
Pit @ z
. &
SP1 :
¢ $ sps &
&
5P2 |
A== T —sPeh - — 1
SP3 ’;:j
SP7

spa $osee

T
3p CX1 =)
€5 g ¢ ocio )
12ft e ]
T &
3 T g

SP CX2

Cll o@ 010 Notes
12t + 1. Drawing iz not to scale.
Receiver % 2. "SP" denotes SASW
Pit measurgments.
3. “C" denotes crosshole
seismic testing.
1Bl 2. Plan View of Locations of Crosshole

Seismic Testing and SASW Measurements

Associated with Power~Line Tunnel

e} AL =7} Abge] Hizd), eolwE ¢
2 AL Gkt Ful4 AR gung
WA A 7] 2 vl g oot WA 23
A g xAlaE &) sl AV
pewd 22 FA7]E AAgEe = e 3
7 wFda dEs Eatdoes QAEHe)
o]g7 = A7l M A mds) A
dhef FF HR= F A7 Abole] HAbz 3}
ol HAAILd o] FHI, o $47 ol
= de EAAAE AAAM EHE £% 8
s 45 Foz Wi

SASW AH-E 4% 71 A 17 3
off ¥el vle} o, otige 23 Pz
715& =487 $13ke] A2 A7 A=
= H(0.3m). 2ft(0.6m), 4ft{1.2m), 8ft(2.4
m), 16(48m), 32ft{9.6m) Seo|g. T 77
717F Aol webd dzds ] Ad=sie

70 #14% FE208 - 19984 40

Abgslg o], Alg3 LAY 2= 4oz T,
8 ®lo] G #n, 10t &HA s Fo
A3, A7l E =717 Agle] wel PCBAL
8 308B02 74 %A, Mark Product AR
45Hz 4=, |Hz £54 & 4434 A
g3l Algdgo. A2 Ad AE5E
71g3lx AA7te g Fo 4L 817 $5)
M A BRAM7IE o) 43, B AgdME
HPAL2] 3562A8 Ab&-3lgdc).

JFK 2% &3 Z 13R-13LelA= 2% 7
7N HANM SASW A¥E Pdgieny, 1
Z SP1. SP2, SP3, SP4y= E|d o] Fu}sk 24
A3 da3l=8 MAVsled 5, SPS, SP6, SPY
2 B Fe flEl A g WA e 2A e
2A Eld FAAN 2] sasw A F) vl e}
7] #18te] QA shodet

HP9122 Floppy Disk

Drive
HP3562ZA Dynamic Signal NN -
Analyzer L:H
w (RN T

Impulsiver or

Random Noise Source Receiver 1 Receiver 2
m@( TR
Y & l_ /2
. d!

2l 3. Schematic Diagram of SASW Measurements

3. A=A A0l o8 B2 oF X
sto| 2 T}

utel A2 ¥ Y AlF AF AFF Qo
C10ellM &5l =2 AE Al £ HAA=
sgt, P} &5 FARE 747 ¥ 4, 54 A
Al wpel Zror, Al&F C11, Cl12¢] HE 5
3 P £ FAhRE 19 6, 79} Frh



28 49] A)3E €9, CloA &g Sufel
HEt ZeAg AY AFAE AHRH, Al
ez HA = 2 ®F 25:(7.5m) 7] oF 370
9] AfFow FAe] Heiglye AL 4 4 UE
W), 0|23 | Z:7ais Bl Al o] Fex W
7 gle Aoz el & AT SR
Fox HAM AxFzel 7 AF9 53 &=
= EAE He ASs) TUdTE o+ e
d), ojelgl ARAlE Eld AlFe] €F=2 AR
z|uke] Ad7tAel vl odgks. £ g A weg
£ AL 2njsl= Fel.

I3 50l Palell dj3k C9, Cl0efAfe] =
2E AlgFaeld, o] =3 89 2 AE A
FA el A AT A3 F2 Aol
TR ok& A ew el PRl &xrp 5000
ft/sec(1500m/sec) 9l 7$E PH Z2AA =
Zskp7h el gE G ET ded, ol 2
Fm efd Al F Aot Feoll A3t HE
el oF 8ft(2.4m)e] Mo g5k glom,
10ftz(3m) 2} 12ft(3.6m) Apelella{e] < 25%
g A8stuy AAHoz pIle] £
& dEpl 988 4 = ek Bd AR
Foll 10ft(3m) #} 12ft{3.6m)ALe]ol A FHA2H
s3 4xe P £x28 Adnym su £5b
oF 400ft/sec(120m/sec) o] 32, PH} Hx = <f
2700ft/sec{ 810m/sec) o|ch. ek, o] A mof A
=) 8t422]7} ¢l Poisson ®]7} 0.3330)2H4,
400ft/sec(120m/sec) 2] S} £5d 3 pxt
A= 800ft/sec(240m/sec) 7} H ook &l=dl,
Az 24 Pl £53 ojHc} AN y&
Felog, o] Axore) Pr Hals FY3AE
E e} B HYA Atele] Exse A
shapoll 2lafj Al o)}, mielal. o] AlEeA P}
£52] Zae Aste x£3hxe] R 2|93}
= Aela] zut 7pAdel 7hag elulale Flof
opu]et,

b 713 6ol =AISe] Qe Al Cl13)
clee|s A3 89 L2 BdAlg Ao
gt Fo]& AH YW, A= 10ft(3m) e} 12ft
(3.6m) )Xol A <F 35% HxEe S5 &% 3

2F g 4 dvd. o' ElMEAIF 23
A ke Skt fE SEEYe iz
Q& o] Hxofr]e] Aule] ofafx] L& v
o} 2@} 2k 743 b ANEA ket A
A= A7l 8 A7 A FaH su
£xl AZF 09, C10 AP st AxeA]
245 sup Sxe) FUstr] wWFe] 237
53 &A7F gdetzled FA3rt gl
#HE 9. C10 A3} FUdg H=rt B Ao
o] Al AlFF C11. Cl12 A Hofr{e] x|u} 74
2] Ftae FA7F glee)e Al g

AlFF ClL Cl2 A YellA 5A % pot £=
= 3y 7l =AY kel 2, AT C9,
C10 A FGeA M8 Hs) o33 7HA] "HellM
Abstel &, A sheel HA7E oF 7 oft (21
m)Z A2l FUs 10~13t(0.3~3.9m) A}
o]9] AxelAe F3=rt vtom, ¥HUAIF
ol 10~12ft(0.3~3.6m) 2 # x| elA Pzl <&
27} AEEE A 52 AFEF o Cclo Ay

M8} zro] EolsA BaE ok
4, SASW Al&lof 2|5t I}

41 HFZ2 7B

JFK 339 §F2 13L-31R 3%l 5
A5 mpelmz ] FALS| BFE 7[Fd o
g of3kg #ulstr] flstd "z s A2
2& Ao o] ® AFF A4
SASW Age] w|HHHez Sesgled. F
A A el SASW AE 2= 17 2ol tholeli
= 7|2z 82N vlet 3 532 folM e
SASW AfL- 25 770 ZAdeA AA=HUE
g, o] % SPl. SP2. SP3, SP4E}1 A H o]
Ue He] S vlelzREE AN
DA sh, SP5. SP6, SPTS B A4l A
25 ft (7.5 m) "M Bl FAHA7 HeYs)
A AAH sl=

B ApRe| 2wk "rhg $g SAsw Ay
SP1~SP4ellAe] Aztg FARFAL] ez

HEMAR T REE 71



Depth. ft

Boting No,

3-829
0 R ! T T T ¥ T
: Dense Graded __|Asphalt] 4
i @¢ Ageregate Base ]
| Ao Course =z

Granular
Fil

Peat | 4

Medinm
Fine
Sand

woaaid a

25 L ! I
W) 200 400 H00 800 1000 1200
Shear Wave Velocity{fps)
B 1993) Beff_ag_l‘g@gl_(_]ﬂ__:\"u 1493}
@ Eixcellent Recor ; % Excellent Re‘cgc:a
@ Good Record | @ Good Record
) Poor Record ‘ < Poor Record l
718 4, Shear Wave Velocity Profiles from

Crosshole Tests at jFK Airport Between
Boreholes €9 and Cl0: Before and After

Tunneling
Boting No.
3813
4] T ! T f Asphalt
Lime- | 4
Cement] |
@ Flyash | |
o bedv Granular | -
5 il |
L @6 - 4
& . . e
- S . -
g 100 4 @ o Zone of 3o
o r e Coencern 1
R @ Medium| 1
15[ Tuewel Fine §1
[ Locwsion @ Sand |
b Q J
L 0
I @ ——
200 * 8
o5 L T P S
Q 200 400 600 800 1060 1200
Velocity (fta)
Before Tunnei{14 July 1993} Before Tunnel{1¢ Aug 1593}
@ [xcellent Record @ Excellent Record|
@ Good Record @ Good Record
1 © Poor Record i © Poor Record
2l g Shear Wave Velocity profiles from

Crosshole Tests at JFK Airport Between
Roreholes €11 and C12; Before and After
Tunneling

72 144 H29% - 19984 48

Depth, ft

Depth, ft

(&3]

10[

25

10

15

20

25

Boring No.
3-829
' ' ‘ T Tasphat]]
%) Dense (raded 1
Qe Apgregate Base
L "] Course = |1
: © Granular
@9 Fill
L Y J
<@ 1
& Peat
r <
‘§§ Medium| 3
o O H
Sy Fine
7 Sand |
g -
i Y —
i » H
e o 1
G. 2000. 4000, 6000, 8000.
Compression Wave Veloeity(fts)
Bej ! 4 _July 1993) Befors Tunnel(10 Aug 1993)
@ Fxeellent Record @ Excellent Record
D Good Record i @ {iood Record
OPoor Record © Poor Record
Compression Wave Velocity Profiles from
Crosshole Tests at JFK  Airport Between
Boreholes (% and C10: Before and After
Tunneling
Boring No.
3-813
T T 1 Rsphalt] 7]
L Lime- |
L o Cement|
- o< Gramilar}
L Fll ] 4
|- O 0 1 -
b = |
o @ Q (I
>0 | Pear I J
e B
- 0 - 0 o |
pdiumf
3 ; @ Fine
Tuwnel . el
Loostion 7] Send |
| 7 1
L Q I |
. @ @ |
I e i
L d
VRN S SR Y PN J
0.0 2000.0 4000.0 £000.0 8000.0
Velocity (fps)

Before_Tunnel(14 July 1893)

Before Tunzel{10 Aug 1953)

@ Excellent Record
@Good Record
OPoar Record

@Exeellent Record
@(iood Record
OPoor Record

Compression W

Crosshole Tests

ave Velocity profiles from
at JFK Airport Between

Boreholes 11 and C12: Before and After

Tunneling



AR B
npe BEz 729 24
4 3w, e AR #AY
de EAIHE Nz AT
& Q. olE BFE 7129 BA
Aol 298 A elNE Ao FAY
sjojahn le). afeha, 2 el A x|
Aol 4ol U7l olol
sjsahe 3T ARsked B s,
9 103 110) BF2 A2d42] vhol2

3l E*lw}aiwﬁ ‘701] i;ma} #
A mAEE BEAF AL B4
& AT Fo] RabEAe] vE
¥ 129 Z2d. ol2RE B AlFoz
she] Hztel %%i 7122 134z Wy
Fela) & 4= qleh 29 124 flsid, A

5000 [
6000 [
4000

2000 |

Phase Velocity. ft/sec

.1 1 10 100
Wavelength, ft
{a) Befrore Tunneling

shel wel deld Agswe] wse =7
Zr2E7] elgten, 71AF & w3 = at# 14~
20ft(4.2 ~6m) 2] W3 WelA]l HF &£ =7F 5~
89 Awvaz 7148 Ao} o] Axe] wizji-
A|Z2Z ¢l Ccl2dlA) 2Ag g1} £xo] 7k
H A=e] Wlshd "@AF) 2 pA|e|a, o2
A3t Y A=) A Y TS
Atz g 4 st

wEl, 7He B]—};} o2 By =44 Oi—‘?'—E’]
25f5(7.5m) Yol ZAMolla] 43 SASW A
8 $pP5~sSP7el] dHAAE 4= WAE
Fatdem 1 ZAAE Y 134 EAsRIcL
o] AgolAE sl Wldx & Wl
dsdon mes g A=o] stz WA}

A @& Relztz Alsgn

42 T2 CIF Xdt

gFz 58 SMdegles A2 AE A]Yo}
235 AJFF Ao A SASW AYHE 43}

w=d], 73 2¢] SP CX1. SP CX27} o]l
shdsict. SASW A &4 sP CX1E A FF
€9, C102] F7b A HellA 3o} Helxd, o
ZloliAle] A Az 52 Yol A SASW
AY AAY 2 72 B sjuE=

8000 |
6000 [
4000 |

2000 F

Phase Velocity, ft/sec

Wavelength, ft
{b) After Tunneling

T2l 8 Experimental Dispersion Curves Measured at SASW Sites SP1 Through SP4 and Best-Fit Curves

BEMAE THREgE 73



8000 [
6000 [
4000

2000 |

Sites

1000

800

GO0 -

Sites

1000

800

600

400

200

8000 [ -
8 s g
~ [ 1 5
= 6000 | ] 3
S 1 >
= Y : Z
2 4000} )‘ k=
@ + @
= "5 >
£ L 1 3
s 20001 d
=] 1 =
& L 1 Y
0L .
1 1 10 100
Wavelength, ft
(a} Befrore Tunneling
22l 9. Experimental Dispersion Curves Measured at SASW
’2; 1000 : §
= S
B =
g 800~ T g
2 E
> - -
PR - 5
= m
= ] =
3 a
s 400 i g
e w Experimental D Ata u;-
E] =" Best-Fit Curve &
w200 . . .
10 40
Wavelength, ft
{a) Befrore Tunneling(12 Jul 1943}
2 10, Experimental Dispersion Curves Measured at SASW
Only from Long Wavelengths
— &
2 1000 §
= r B
PN =2
2 800 E
S T
;'3 o
o BOO 1 4
= W
o 4 =4
B -
» 400 F §
E |+ Experimental DAta J::",
b= = Best-Fit Curve &
@ 200 b ! . R .
] 40
Wavelength, ft
{a) Befrore Tunneling{14 Jul 1993)
7121 11. Experimental Dispersion {urves Measured at SASW Sites

Only from Long Wavelengths

74 E14% HE2U - 19984 4H

1 l 10 100
Wavelength, ft
(b) After Tunneling
SPS Through SP7 and Best-Fit Curves

w-- Kxperimental DAta
= Best-Fit Curve
e i
10 40
Wavelength, ft
(b} After Tunneling(9 Aug 1993)
SP1 Through SP4 and Best-Fit Curves

.. Experimental DAta
- Best-Fit Curve
el . N
10 40
Wavelength, ft

{b} After Tunneling(9 Aug 1993)

SP5 Through SP7 and Best-Fit Curves



15T T T

=
=

Surface Wave Velocity Ratio.
Vaf{er/vbe{cre

05k 3
r Average Velocity Ratio= (.98
0.0 L 1 L
10 40
Wavelength {ft)
T2l 12, Ratios of Best-Fit Curves for Phase

Velocities Measured Before and After
Tunneling: SASW Sites 8P1 Through SP4

optol Al Bl A3 AHoll W B Al
2] 9sE vz I 1o mYEgdcsh o
B AFF clF 12 F3F A el $3
o] H 8P CX2 o g Hx 17 15 =
A5}l o

Az2E AR osiw AFF Co,
C1e A gellM e Bd A52] AulollE 734
UM Z HEb glddedt AFF ClL Q12
e gl =8} 10~ 12f6(0.3 ~3.6m) 4]
ol siedels AtelM= oF 25% AHx9] 3
7 Hxof Zhaz) lddeh ol#id Feoly 1™

g 1.5 T ! ]
- 1
o +10% i
2 B / . 1
ER-ae!

2 i \ —10% i
2 :
= r 1
¢ b Average Velocity Ratio=0.98 1
& 000l L i 1 ]
o

= 10 40
o

Wavelength (L}

2 14, Ratics of Best-Fit Curves for Phase

Velocities Measured Before and After
Tunneling: SASW Site 5P CX1

=l
=
o
o]
-
=2 28
S £
23
5z
v 8
z; 0.5 .
=
b4 Average Velocity Ratio=1.02
& 0O L b L I L
=
= 10 40
0
Wavelength (ft)
21 13, Ratios of Best-Fit Curves for Phase

Velocities Measured Before and After
Tunncling: SASW Sites SP5 Through SP7

142} 159 A ARl SASW A¥ ZHdgedME %
datA etz glow. @R =74 Axe
gh Abel7h itk & SASW AlY FHAFel M
AFF ClL Cl2 o] glejr] Yoz
o 6%9) 2T HeFT gled. =g
A M of 25%2] Rpeol7} ebwiT) o]
3 A A% Al¥a SASW AP AR z}e|=
SASW A mz Az AfgEct o Yo x5
Ao HF EAE F37]) dEel Zles At
o}

b

b R - 10%

[=
ol

—
[l
§§
4
b b i e -

Vafter/ Vbefore

[ Average Velocity Ratio=0.94
000 1.1 [ 1
10 40

Wavelength (ft)

Burface Wave Velocity Ratio.

Ratios of Best-Fil Curves for Phase
Velocities Measured Before and After
Tunneling: SASW Site SP CX2

BEMAE TReE 75



5.1 8O &-N X9 BEXES mAM

2 AFoNME BEAFe| AHbe] uv]A oA
3% SPT N2[9| ez shelstz] st =2
2AE ANYPez HA3 89 £E2HE NA
E FANE FA5F(site-specific) & HA 4
& NEEld. JFK FatelA dAld 222
T AL P A7 dgT A o fex
o o] glelM o] E§ EFIH SH L£x9
458t NA9 Amrl 25 57707 Ei=d.
o] F A= 87 Hx-NA FA 22| At
ALggl Am e ©hA| 3272 Asielnt Si}
&5 -NZ| A A 2] Aptbell AM-HA] g2
B2y Zo] 25ft{75m)ET} oL LelA =
A 40 oAkl NAZF ZgE™, JFK 33
Aol EAMIE TE FAM FHFE NAZ
vl 2| =] ¢ o}

JFK 3ol HAx= dAilde=z 6-10ft
(1.8~3m) 2] A =7 232 £4d35
2 &3] oF 0~15 ft{0~0.45m) T2 ¥
E Z oM Fh4AT[AA 7 dAbe] A
E3q Aoz %“éc’l Heollet. wehA,
Sul &£5-NA8| B E-4 A AL st ¢l
o{A: & %27H-4 Z}EE‘ AN H S A
Bl RFel Al sdEls BHE B5E
of Alg3lglew, Axzoz F 7ir|L A
A& A Heo

S &£2-NA&] RXEF A 2] 7o)
Al (1)~ (4)8h 2 Tr%H Mg mEge
L BARY XE] 43 o] F 4 (2)9] #3¥
o] 714} A3 A (r*=053) 0.2 el

N=bi+b:+ Vs (1)
N=c- V} (2)
N=c-D"v™ (3)
N = efbVrbD +b) (4)

ok, EAHEI A et 2
Moz ZAAH A 474 A (5)2 (6)e AA
g ube} et

76 1448 H2WF - 19984 4F

UL

v‘ RE 1
N= [ﬁ} forV, € 750ft/sec;N = N,

» QA

(5)

(6)

V 1417
N= [ 2 ) forV, < 750ft/sec;N =~ N,
277.5

52 A=24F Algl HIE2EEH N x| F£F

olg{ gt 57 £ =-N A9 RXE# HAXNE
o] &3led A|FEF €9, C105} Cll. ClzellA &
e sy} £58 NAZ HBsld wd, & |
7 2ol AAF vl PARAG Fo] I2AFE
AlEdl A dgdt wiel zhe] AlFF €Y, Cl0
A el = B dA|Foz Qsle] g sy
Adke] Wike= AL ¢dlEd. HEtd N e
Mx AZHE We gle Ales vEpsteh A
33 C9 CloelAM ] 7k 2 w3k ey vl
2 offe] A=A N 7} 20004 172 o}
A Fzeof AR sk 2k AlFF C1L.
C128] oAM= AE 10--137t(3~3.9m)e]
A N A7} 140 A 42 oA Az T F2
FAAaE BHEd. o Axe NA iy 9
¥ Axe] AFE oA ¢ e 7HsA el
stz Amslch e AlZE o Cclo A
He N A= ¢ A=clMe 3-5 Axolm
2, A& ClL C12 A YellM Aslr} gt
ot Bl x AlFF €9, C10 A A8 F
43t Axed Ael7ldl, AlFF Cll, Cl12 A9
Aol NAY i S8 Axs otz
Atz o}

6. & E

vpelZzE e osiA AHFIE ATl
® JFK F39] 52 whele] I2Ag A
H7t SASW AYeos Auk A9 wste =
Abstder. Ak A wste] zabe g §)
oAb g2 Q3 AMbA Zeldz s



Table 1. Measured and Estimated Uncorrected SPT N-Values at Boreholes C9 and CI10
Uncorrected SPT-N_ Value 7

Shear Wave Velocity

Before After After
Tunneling Tunneling (measured) Tunnelling
{ft/gec) (ft/sce} 24-Sep-92 {Estimated)

L -3 1

632 S R R A AT

23 687 656

# Shaded area : AppreXimate tunnel location.

Table 2. Measured and Estimated Uncorrected SPT N-Values at Boreholes Cl1 and C12

Shear Wave Velocity Uncorrected SPT-N Value
Depth Before After Before Tunneling J After
{ft) Tunneling Tunneling (measured) | . Tunnelling
(ft/sec) {ft/sce) 24-Sep-92 ) (Bstimated) (Estimated}
573 o958 24 16
436 44 9 6
_ 431 3

59) 41r 14 4
12 423 4 ﬂ

‘\]L"ILQ

|

J
13 - 596 . |- M. e ]
Sl .. 594 - I R R
148 b 21 AL A
"18 o 842 500
639 B 693 L B

661
6'3" 651
620

% Shaded area : Approximate tunnel location.
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