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Study on settlement characteristics of stone column reinforced
in Sabkha through in-site loading test and numerical analysis
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SYNOPSIS : In this study, a composite behavior of stone columns reinforced in soft ground, Sabkha, have
been evaluated by a series of field measurements and numerical analysis. Field loading tests were performed
to verify the effect of the composite ground reinforced by stone columns in Kayan, Saudi. The settlement
measured in the field test was compared with the settlement calculated by the Priebe method and the
numerical analysis using ABAQUS. It is found that the settlement estimated using the Priebe method
significantly overestimated the settlement measured in the field test. In addition, it is confirmed that
consideration of confinement effect exerted by surrounding stone columns in a numerical simulation is
indispensable to estimate the settlement of composite ground.

Keywords : Stone Column, Sabkha, Load Test, Settlement, Priecbe Method, Numerical Analysis
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¥ 1 ARkxA

AHOZRE EO Agr 23 Ad AAH g3 A5

G.L to -1.5m Medium dense sand ge = 10.0 MPa E* = 25 MPa
-1.5m to -2.0m Medium dense sand qe = 15.2 MPa E = 38 MPa
-2.0m to —-2.5m Medium dense sand Qe = 7.20 MPa E = 18 MPa
-2.5m to -6.5m Sabkha qe = 0.40 MPa E = 01 MPa
-6.5m to —-7.5m Sabkha qc = 6.80 MPa E = 17 MPa
-7.5m to -9.0m Silty sand ge = 15.2 MPa E = 38 MPa

E' =25 qc

2.2 SiFMSIAIE #x

St S (Sabkha)To] EAsh= AofAtel Algd AEAY JNE 23S Hrbsty] A% Ash AEE
O 204 B FE npel ol AT (a), (b) F AFAAM AAaA o, & o] w5 9l At
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¥ 25 Mg Casest A8 271 HolFa Ut} Case 1, 2, 4 & AolA HAF= (@A 149 &~
=45 Sdd Agtas AA st AFA S FAE L, Case 3 (b)A Aol 479 ~EAH 9ol Ajst
S R3] d5S AEAT. 28 32 ZF Case’ Loading Schedule®} A7t W& A& 23t zS B
o =31 ot HetgdFe At k] 5k AX S LVDT AlSate] Hvo 2 et g /e =28
A5 o AstdS AR5t AP S 3 A¥ Case 19] A $ 135kPad] staS Aske 49 3.11mmel 3
3F7F WAkl a1, Case 2+ 60kPa?l 3l=5& XH SR = Uﬂ 3.24mm, Case 4+ 2.45mm¢] #3}7F WA
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G2l Case 2] Hl&] Hst7E AA FASE =, o= FEEse AS AW MFadrt 35 49
I A= Aol
¥ 2. A8 Cases} 28 =4
Case A3t A A) 3} 3+ % (kPa) 45 A A3k 3 7]
Case 1 (a) 135 1 1.65mx1.65m
Case 2 (a) 60 1 2.00mx2.00m
Case 3 (b) 60 4 2.00mx2.00m
Case 4 (a) 60 1 2.25mx2.25m
g ] gaoo
gauui gzou
° 5(})0 10} } 2_0'(:0 ijOO ° 4;“ 4!} 1200
DDDDDDDDDDE‘ Time(min) & Time(min)
L
AZi %DEIDD A27 EED 00 o oo
é | DDDDDDD; E | 0O g g oo amam
54 W £
5 - 5 - B ga°
6 — o ° %h nm'%n:]
. A .
(a) Case 1 (b) Case 2
2300; E 300
z i £
% 200 | 520-1 /_\
jﬁ%ﬂ 400 Time(min) 800 1200 Time(min) 1200
1 &
g i %D . gz "9 0o0gooooan CIE-Y
i "% ] : %
5] % F W e
| L B, w
4 - ” 6 o
(c) Case 3 (d) Case 4
19 3. Loading Schedlue ¥ A7t w2 s}z W3}
3. Priebe method0j| 2|8t Za} &
3.1 Priebe method(1976)
Priebe(1976)= T A E3HE o]|&3lo] 2EAPORE JEFd Ao H3t AE dFste WHE
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B0 Ane] BYAE 4§47 4 28 ol 3ol a4
£ olgste] AAT n, 2 AT

<

3
gA444 E (MPa) | @95 % ~ kN/m’) | Zot$H] » | AFE ¢ (kPa) | WHEAEZ ¢ (°)
144.00 20 0.33 0 425

¥ 4. ZF Casedll ot Xwk B4 %2} A LA

Top @4 @4l AR By Case 1 Case 2,3 Case 4
L. A TF (kPa) -y
(m) | (MPa) | (kN/m?®) (°) To n1 n2 To n 2 Mo m 12
0.0 25.0 18.0 0 33.0 - - - - - - - - -
14 25.0 18.0 0 33.0 318 | 240 | 210 | 232 | 199 | 1.75 | 200 | 1.79 | 1.59
15 38.0 19.0 0 37.0 318 | 2.09 | 162 | 232 | 1.82 | 142 | 2.00 | 1.69 | 1.33
2.0 18.0 17.0 0 32.0 318 | 259 | 259 | 232 | 208 | 208 | 200 | 1.85 | 1.8
2.4 18.0 8.0 0 32.0 318 | 259 | 259 | 232 | 208 | 208 | 200 | 1.85 | 1.85
25 1.00 8.0 0 25.0 318 | 315 | 380 | 232 | 231 | 268 | 200 | 1.99 | 227
6.5 17.0 9.0 0 31.0 318 | 262 | 262 | 232 | 262 | 209 | 200 | 1.86 | 1.86
75 38.0 11.0 0 40.0 318 | 209 | 162 | 232 | 209 | 142 | 2.00 | 1.69 | 1.33
9.0 38.0 10.0 0 38.0 - - - - - - - - -
Ground Water Level 2.40 m
Gl A AFE AR ATE Ale Atel A{AA H(D)E ol &t 2EAdHoR XF HGA
o] Hatds Atetadnt. ;i 5ol A Priebe methodoll o3 sl s Axek Al Aladk A uke] @73 A st
N AZzke wask ) Priebe method= 14 23 A @gold AF Aol ou] AA6 Fas
84 AR ET e 3 5ol A BRo] A EE] Al AWk Al gk E ) Priebe methodE ©]-&3F
o] A e 4~8u] /b A vERth e % 504 Case 29} Case 3< vl 3tH Alsl Al d S

Ashah-e 1) ol AAAA dhe& Adtet= o‘?‘(CaSG 2)9F 470 9] 25 A sk AsHCase 3)
st - 7HA Aol dsl AAlskel @A3 thE A5 gkl YERS AR, Priebe methodE ©]-8-3F 3 8hal 4
o SlolM= F 7kx9 A5 FEAl 48412 = 1tk =, Priebe method® A3 ot A4
Aol Algd A #@Fe] Hotgru At @rhEd. Selvem(2006)0] el o] Alof x < 9

f

Trans-Asia Railwayell ~EZHH S Algs Ao HetH#S 23 A58t Priebe method= A A 3
sty wlwslsith 1 A3 #4 AlSgko] Priebe method® o 43 HstdHo) v A =YL, 1

E
o

1= B A+ Ay fA1s. o8 e A3 E5S %3 Priebe method®
AHES dn] AAT A9 yoh AA o] Hixstaab sk Z| Wk )

Z
Q A7} Fit 42.3%FE LEFREE
Askd HstgFo g LSS =,

X HAALES Al FsHAl HAY 25 X3E&S HretA AAEY

FEINE 13 AF At wrh
AR FAT Qe Aole derHh

¥ 5. Priebe methoddl |3+ %3} )4 Az

Case 1 Case 2 Case 3 Case 4
A3t st (kPa) 135 60 60 60
Al Sk 3.11 mm 3.24 mm 1.84 mm 245 mm
Priebe A ¢t o
osk bt 20.8 mm 13.1 mm 13.1 mm 17.8 mm
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1. @FAFANA e AHoRRE 25~65m T/ ¢EAol & o44Y EA &= Saudi?
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