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ABSTRACT : During secondary compression, a gradient in excess porewater pressure results in water seeping out of soil mass.
This excess porewater pressure is produced by a continuation of soil particle rearrangement as a result of disequilibrium produced
during primary consolidation. In general, during the process of preloading with surcharge load, the excess porewater pressure and
surface and subsurface settlement are monitored for establishing the progress of primary consolidation. Knowing the order of
magnitude of excess porewater pressure at the beginning of secondary compression could be very useful for preloading specification.
Analyses of consolidation theory, and laboratory and field tests suggest that excess porewater pressure at the beginning of secondary
compression is correspond to u’ /G’ =1 to 3 % for Co/C, = 0.03 to 0.07, in respective order. For soft Bangkok clay, u’ /G’ is

approximately equal to 2%. The excess porewater pressure decreases as secondary consolidation proceeds.

KEYWORDS : Excess porewater pressure, Secondary consolidation, Preloading with surcharge load, End of primary of

consolidation, soft ground improvement

1. unin
U U U o” aan
ﬂWiEJ‘]JG’I’J%WﬂﬂiS‘U’JL!ﬂWiE‘JﬂG’I’Jﬂ?fliﬂslu 1 48 (One-
1 ' 4
Dimensional consolidation) U A UFIDUAIA 1811

v 2 o & A
sznouane Primary compression Funaiuluvauzi

=3

Effective stress Lﬁlil‘ﬁu HAINNAY Secondary compression ¥
Lﬁﬂﬁumm: Effective stress ﬁﬂlmﬂﬁ N 1‘?1.! End-Of-Primary
(EOP) consolidation ldgnoTu1806194189 1 vﬂu@ﬂﬁ' Excess
porewater pressure Gﬁﬂlﬁﬂ mﬂﬂmﬁuﬁumm Total stress W?EJ

v
usenuih luwiadu ssuneeenauiua (95U [3], [4], vag [5])

2819157013 M&3910 EOP consolidation N139AITIAIV0

A a4 A = 4
E‘J’Léﬂ?ﬂﬂulﬂﬂSIJHE‘JEING'IE‘JLL!QQIQElilﬁ%ﬂ@]ﬂ?ﬂﬂWiLﬂaEluLLﬂaﬂ
9
AUQAVAY Primary compression NIZUIUNITIALTEIAIUN
9 a A A o v
19109 Excess porewater pressure 11379 Gradient A ldiin

4
52U000NIINAULAZAITYUAIVDIAUNATUDE19A LT

Y

9
W30 1AA Secondary compression [21] @911 Excess porewater
pressure @ 9@ EOP  consolidation W?Ejﬂqﬂ 15 Secondary
1o ' " v L4 '
compression T uTudeansiugud (18] lumsneadi

arssal Tnavinalvgluusnangunnuazsuamna

- NCCE12 - Volume 3 (GTE) - Page 386 -



auy uag auwdu desliuonduau taz ulsulga
AUNINAUFIUIIN 1% T Preloading with surcharge load
mii}fhﬂiml 1UUD Excess porewater pressure @ 3@ EOP
consolidation @11159%283/205 lumsaaaulanszuiums
D319 (Construction in stage) ttazszozar lunmsdsuilg
AUNINAY (15U [3], [15], uaz [18])

unAnud ﬁqﬂ%umumﬁmﬁzﬁm Excess porewater
pressure i 9@ EOP consolidation 1A% § £11919 Secondary
compression éﬂﬂg‘lﬂﬂjﬂﬂ Mesri et al. [18] UaglaUOTNNIT
pd1ad1efasaldl sy At Excess porewater pressure
dusuAumierdoungunn ite1¥lunuanduuazau
ﬂ'i"uﬂqmmmwﬁuiﬂ 35 Preloading with surcharge load ﬁajﬂﬁ
7 oz WiTnIRAR Vertical drain H8AIINT §93715 901102

£
HAAINANITIA Excess porewater pressure ﬁ’ﬂuﬁ’mﬂgﬂ’m M3

]
1A

uazludui o 90 EOP consolidation &9 1ndiReanuaii

Uszanaldonaums

a d
2. MIUNTITH Excess porewater pressure

A =

9A3ININIAGIVUL Secondary compression (W30 11901 t
9

1w =) 1 v A
IMNUNITBNINNIN tp) mmsmmﬂﬂugﬂﬁumimu

0s  0434C L
—=— (M
ot (1+e)t

Tag t = a1 t = 9901 Primary consolidation L = A1
A
HUIVOITFUAUODU 1AL Cy = Ae/Alog t Ao Secondary

compression index

2.1 msdsugequnmaueeu Tag W15 Vertical drains
] v
@151 One-dimensional consolidation aumsszanerh 1@
1We9R1UIR Y7 (Single drainage boundary) Feuaaslugili 1

o < S 4 o
Wy A213159m3 1Mav091i19 Drainage boundary JAuN1IAY

BN TIMIYUAIVDIAY

oL Os
W),—g="="" 2

v ot Ot

< J 4
10 FUNITVDY Darcy A21W157U91IN Drainage

boundary Ao

), o= 3)

z=0

Tag k, = Coefficient of permeability Tuuunag Y, = AW
£
WUWUUUDIUT v’ = Excess porewater pressure LIS z = 32U

910 Drainage boundary

Y —_—

319 1 MINT2918989 Excess porewater pressure 11 5UNM3gUAIVD
Y '
Aunaziiens lvaveai luuuada [18]
Y agqg Y
mﬁuwﬂwmiﬂi:mamm Excess porewater pressure

52NN Drainage boundary ULV Parabola [13]:

ou’ 2

Oz L

Tay v’ = Maximum excess porewater pressure UNUHY Man 4

Ty aumsn 3 18
W), _g="tu, 5)

A a v
UNUFUNITN 1 LDE 5 Glu?filﬂﬁ‘ﬂ 2 mlﬂ

2
0434 7,CL C,
u = (6)
2(1+e)k t C,

9
@

“lumqﬂ;‘jﬂ’é? 35821901 Primary consolidation t Uu

a A & A . . =
el sz t,, $uiuIa1n Degree of consolidation (AAY

- NCCE12 - Volume 3 (GTE) - Page 387 -



AU 95 % [18] WAa3tAI12H N Terzaghi theory of
consolidation ﬁﬁ NI1TNTLVNYUDY Excess porewater pressure
aapanumvessuAd uduass 14 t,s= L13L7c, [21]
Mesri and Rokhsar [7] lléfﬁqu’ji A5y M Cc/C.=1(C/C,

vosdumiordiulugeglugic0.5892) drc, uazt,

10
k, (1 -+-e)($'V
c,=——— @)
0.434y_C,
2
0490y, L C,
g = ®)
(1 +e)kVGV
unuaumsn 8 luaumsn e 14
t o[ C
u' :ii" —a (9)

t 23 C,

{ g 1
aum3N 9 uaaalififindi A1 Maximum excess porewater
4 e a g 4
pressure N9A EOP consolidation 0 Nt =t Falouilszanm
' ' 9
(M1 U1I17 Degree of consolidation 1RALNINY 95 % YUY
f1 Final consolidation pressure G'V ag M Co/C,
dmsuauaznou (SilH) AuUMiled (Clay) uag auni
4
Organic content gaHU A1 Co/C, 0g11%29 0.03 9 0.07
o o 5% [
(Terzaghi et al. 1996) uazlANUFUNUTAY v /o', AR

luasan 1

4 ' { : v o do
maeii 1 /o’ /o7 0 e= dlianuduriusiu Co/C, [18]

Co/C, v /6’ (%)
0.03 1.3
0.04 1.7
0.05 2.2
0.06 2.6
0.07 3.0

2.2 msvsvequnmaueou Iag 19 Vertical drains

=

1ngUli 2 awydlianueiealuwiaaulunuiae i

9 4
AnnnuaaeanNuanvestuausey tag hilimslvaveni
Tununds samsgudlvesan Tumuaazfueans

9
Tvaveatirlunuisidhg Vertical drain [18] deuaalu

qums 10

|

i

1 1

i S
. T

o

.

1

—f

T
31912 MINT2918903 Excess porewater pressure F1MTUMTYUAIVD

a

v v
auluinaaaziams Inaveuh luuuisu [18]

k, du , dL
— —2mL=n(, -1 ) — (10)
Y, dr dt

Tag?l k, = Permeability YB4AUIWIUITIY 1 = S82TANIA
910 1§UAINA19UBY Vertical drain r, = 0.525 DS d1M5UMs
£

ARG Vertical drain Tugdunvamvaey Tasliszezvig

1w = @ Y
M1y DS NN 10 mmsmﬂgﬂ%:

—=c (11D

A ' A n:? @ 4 d' 4
Tag ¢ Ao MAIN ua:"lmuﬂ‘u riag t UNaunNIIN 11 i]%wlﬂ

] . A
A1 Maximum excess porewater pressure N r=r,:

-t w (12)

dL 2k, Lu
= h~"m ; (13)
dt r. 1—(r. /1)
2 e w
Y | =
I 2

- NCCE12 - Volume 3 (GTE) - Page 388 -



£
MUUA n=r/r uag I/n’ = 0 (dIMSUNMIAAAY Prefabricated

] F
vertical drains 1A% 11171 n A0 10):

!
dL 2k, Lu
D h m (14)
dt ywre2 In(n)——
2
UNUANMSN 1 uazaumsn 14 luaumsi 2:
, 1
0.434y C_r, In(n)——
' 2 Ca
u = — (15)
2(1+e)kht (OF

Time factor 81151 Radial flow %30 T, N cht/re2 Taei c,=

3 9
Coefficient of consolidation d113UM3gUAY TULLIA WAz

Traluuursu
kh(l —i—e)(S'V
c, =——— (16)
0.434y_C,
91U
2
0.434y Tr2C,
t=—— 17)
k, (1+e) G'V

v o ' ' 4
ANUTUNUTIZHINAURGY Degree of consolidation U
dFmsuanuasealuwiaaulunuias iaumnuaasaniu

= S a 2
ANVIYUAUDDU [21] AD

2
-— 7T (18)

U=1—exp '
F(n)

Taof F(n) = In(n) — 3/4 Sauydain =10 1214AF(n) =

1.553 1@z In(n) - 1/2 = 1.803 Uazd@IMiU U = 95% 910

aumsh 18 918 T =2.34 waznnaumsa 17

1.016 v, 1.°C_

t (19)

95 = ,
1+ e)kh(SV

unuaumsn 19 luaumsn 15 14

Qq

— (20)

-
N
a
a

Mesri et al. [18] WU 528N I9TLN NG Vertical drain 131
a A U 1 1 d’ 9 1 r
answaden v uazaumsin 20 amselslszanum o
TumsiSuljegunmaumiionsoulagld Vertical drain 3
a oA Y Y 1) Yo = = a a .
Ansrzvnuaaatiedu 1i'las 119 9®nEwave Drain
v ]
resistance I8¢ Smear effect UONANHANMIN 9 uaz 20 14
dmsumsdszuiaa Excess porewater pressure Tuaaq

Ed
Secondary compression [N M0 t > t
3. waninnisnageuludeslfuiamsuazluauna

m3dnE1i 1439031 HAN1NAADY One-Dimensional
consolidation test G?Qﬂmi’iﬂ Porewater pressure ﬁﬁ} UANUDY
Sushetaaziha 0 weend UL ([11, [81, [91, [10],
(111, [13], [14], [15], w@ag [16]) AUAIDEIULUAITAIN
(Undisturbed specimen) 15200128 Soft clay (311U 8 ¥iA)
Clay shale (31421 7 ¥ii@) 1@ Fibrous peat (314U 2 F1lA)
A19819NANITNATOY One-Dimensional consolidation test
waaalugalii 3895

won N 1439115 IUHANTNA XD Field embankment
test 2 TA34Ms AUTHUN LB FalimsAnme Sand drain
[19] 118 Prefabricated vertical drain [6] Lﬁaﬁ'mﬁi:mmfﬂu
ﬂ?”’uﬁumﬁméauﬂqqmw Hazinsns1IanTngaalu
1WA LAY Porewater pressure ﬁizﬁ’ummﬁﬂmm AR
doeelugildi 6

50

2

Excess porewater pressure, kPa x 10”

Boston Blue clay ]

6\ =3200kPa ] 40
C,/C,=0.026
1 30

1 20

Compression, mm x 10

s
—O— Compression
—~4— Excess porewater pressure

0.1 1 10 100 1000

Time, minutes

51U 3 Boston blue clay [18]

]

- NCCE12 - Volume 3 (GTE) - Page 389 -



0 e 50
N Pierre shale 1 NS
26 o' =6400kPa | 40
s C,/C,=0030 ] £
x P 430 ¢
g 4 3
=t g
E: -
%6l 2
15
L z
‘Ei X 4 10 ¢
o r (=]
S I 9
8 g
[ —O— Compression 10 M
I —O— Excess porewater pressure ] =
Y RO EPTY RV IR T
0.1 1 10 100 1000 10000
Time, minutes
gﬂﬁ 4 Pierre shale [18]
0 m 50
Middleton Peat b
o' =120kPa 7 40

C,/C,=0.053

1
o3
(=}

Excess porewater pressure, kPa

[ —o— Compression
L —A— Excess porewater pressure ]

90 Lot v’ 4o 2l vl vl g
10! 10° 10! 10? 10° 10 10°

Time, minutes

gﬂﬁ 5 Middleton Peat [1]

80 . . —
o s 60 F Field embankment test =
%ﬁ & F with sand drains B
S El 40 E at Nong Hgo Hao E
=2 20F E
0 t————
5§ %,
o 40 OO N
5 Cq
E 80 - %OO‘O 7
2 0b %0000, v
| [ TR B R
} L B
30 | | —
5} I Measurement depth, m | i
LA a5 !
¥, F —¢-2 |
s g L -o-7 |
=2 I |
2 2 [ -&-11
S & 10 &,
2 C
= L
oL A - A -
0 100 200

Time, days

gﬂﬁ 6 Field embankment test (;ljﬂgﬁmﬂ [19] g [20])

a L4 {
M3 uA312¥Han lA91NN1SNATOY  One-Dimensional
4
consolidation test U A1 Excess porewater pressure U 1301 t

= Casagrande t Qﬂﬁ wndToueunu Excess porewater

100

pressure NAMIUIINAUNTHA 9 (B4 1701 t = the Terzaghi t,)

v s = 9 o a s

Llaxllﬁﬂﬂiﬂﬂﬁfy}ﬁﬂﬂm’lﬂﬂaﬂ11!11]1/] 7 AINTUNTAUATIEN
4

WANATOLU Field embankment test U A1 Excess porewater

a L4
pressure W 1301 tp Wﬂﬂﬂﬂﬁ’llﬂﬁzﬁ%}ﬂua Surface

settlement 1835 Asaoka [2] A1 Excess porewater pressure ﬁ
5’ﬂ“lui:ﬁ’umm§ﬂehm“lwf?uﬁumﬁméaugﬂﬁmw
1Seuneunua Excess porewater pressure ﬁﬁmammﬂ
aumsdi 20 Taeldi Cy/C_ vosdumilmsoungamm iy

o o s A =
0.05 [20] wazuaadlaedyanuaidivaenlugln 7

100 E

_
(=]
T
@
1

A

1-D consolidation test _|

!
W measured) 3t Ly kPa
[ ]

—
T

‘ ® Clay shales
1) O  Soft clay
Fibrous peats
Field embankment test |
O Bangkok soft clay o

100

dF (¢)
AN |

1 1 10

at t = the Terzaghi t,,, kPa

)
W i (computed)
.

310 7 A1 Excess porewater pressure @ EOP Afwanazialure

]

tianmauazluany

= = d' 1 U
HamslFeunenlugilf 7 wuaiA1 Excess porewater
A & o v =
pressure 113a1 ¢ Fadruam l@vinaunisi 9 uaz 20
[u' 1 fimIndesnuamniald ludenl giamsuazlu

m(computed)

A [’ 1 msnsznieadvesdeyalugli 7 019l

m(measured)
aungunauuudveuniesdonadeudalilfyn
EJEJﬂLL‘]J‘]JlHIﬂEImWWLﬁEJ’?ﬂ Porewater pressure UMY
Secondary compression [18] 1@ s asuutlag
Porewater pressure Lﬁmmﬂmiquﬁ”ﬂuu?nmiﬂéﬁﬁmﬁu
111)asnAEeY Field embankment test ([19] az [20]) Taesia'lal
N1INATOU One-dimensional consolidation test G?ﬂ o', Taiinu
500 kPa 1Az manuAuAuFinnugs iRy 5 mwas wud i
Excess porewater pressure 8 EOP 1if33tnu 10 kPa a1y

aA , A = = &£
NTUN A1 G UAIFIDI 8 O 10 MPa ¥3A1 Excess porewater

pressure 8 EOP 9198M1g404 100 kPa
4. agdwamsdinmn
HAN1531AT121 03101590 A 21U F29 Secondary

£
compression LLA¥ WANI1TIAANT Porewater pressure 4 Tu

Wosdguanisuazluauin wuir Tuvme Secondary

- NCCE12 - Volume 3 (GTE) - Page 390 -



compression AUGInN Excess porewater pressure f11 Excess
porewater pressure ud sAUAYA Cy/C, Uag Consolidation

pressure G'v waz wlsHaRuAY M t/tp f1 Excess porewater

a

' ' 4 '
pressure NUINAGA o 1AATY @ 3AL54 Secondary
' 9
compression (vt, = 1) TuAudounalihiu v’ /o', iAoy
Tug9 1% 09 3% wazdmsuAumiersoungunnaeim
Co/C, Yszana 0.05 A1u’ /o’ dailszanm 2% Tuauawy
a d’d v A Y U n’j 1 1 a
AunTaNugIUeIiuAuTesnd1 5 wasiy Ao’ Taslnd
linasiAu 10 kPa mii}m Excess Porewater pressure i 9
< E( v 1
EOP 1uilse Tewiilumsudswan1sian Porewater pressure
Tuauiy 1ot 1999YuIUMS Primary consolidation ez 1%
4
UsznoumsnnseiuasunIsnodi 19AUAY (Stage of
. [ a as
construction) tag szezIa lumssvljeauninaulaeds

Preloading with surcharge load

1PNA1391994

[1] Ajlouni, M.A. 2000. Geotechnical Properties of Peat and Related
Engineering Problems, Ph.D. thesis, University of Illinois at Urbana-
Champaign, Urbana, IL.

[2] Asaoka, A. 1978. Obeservational procedure of settlement prediction,
Soils and Foundations, Journal of Soils and Foundations Engineering,
18(4), 87-101

[3] Endicott, L. J. 2001. Drained Reclamation in Hong Kong,
Proceedings of 3" International Conference on Soft Soil Engineering,
6-8 December, Hong Kong, 3-11.

[4] Jones, D.B., Beasley, D.H. and Pollock, D.J. 1986. Ground treatment
by surcharging on deposits of soft clays and peat, Proceedings of the
Conference on Building on Marginal and Derelict Land, L.C.E.,
Glasgow, 679-695.

[5] Jorgenson, M.B. 1987. Secondary settlement of four Danish road
embankments on soft soils, Proceedings of the 9" European
Conference on Soil Mechanics and Foundation Engineering, 2, 560-
5717.

[6] Lin, P., Karim, M., and Chantawong, S. 2000. Ground improvement
performance at the reference section of second Bangkok International
airport, Third Seminar on Ground Improvement in Highways,
Bangkok, 86-111.

[7] Mesri, G. and Rokhsar, A. 1974. Theory of consolidation for clays,
Journal of Geotechnical Engineering, ASCE, 100, No.8, 889-904.

[8] Mesri, G. and Choi, Y.K. 1980. Excess porewater pressure and

preconsolidation effect developed in normally consolidated clays of

some age. Discussion. Soils and Foundations, Journal of Soils and
Foundations Engineering, 20(4), 131-136.

[9] Mesri, G. and Castro, A. 1987. The C,/C, concept and K, during
secondary compression. Journal of the Geotechnical Engineering
Division, ASCE, 112(3), 230-247.

[10] Mesri, G. and Cepeda-Diaz, A.F. 1987. Permeability of shales.
Proceeddings of the 8" Panamerican Conference on Soil Mechanics
and Foundation Engineering, Cartagena, Colombia, 89-100.

[11] Mesri, G. and Feng, T.W. 1991. Surcharging to reduce secondary
settlement, Proceedings of International Conference on Geotechnical
Engineering for Coastal Development-Theory to Practice, Yokohama,
Japan, 1, 359-364.

[12] Mesri, G. and Lo, D.O.K. 1991. Field performance of prefabricated
vertical drains. Proceedings of International Conference on
Geotechnical Engineering for Coastal Development-Theory to
Practice, Yokohama, Japan, 1, 231-236.

[13] Mesri, G. and Feng, T.W. 1992. Constant rate of strain consolidation
testing of soft clays. Marsal Volume, Mexico City, Mexico, 49-59.
[14] Mesri, G. and Hayat, T.M. 1993. The Coefficient of Earth Pressure at

Rest. Canadian Geotechnical Journal, 30(4), 647-666.

[15] Mesri, G., Lo, D.O.K. and Feng, T.W. 1994. Settlement of
embankments on soft clays. Keynote Lecture, Settlement’94, Texas
A&M University, College Station, Texas, Geotechnical Special
Publication 40, v.1, 8-56.

[16] Mesri, G. Stark, T.D., Ajlouni, M.A. and Chen, C.S. 1997.
Secondary compression of peat with or without surcharging. Journal
of the Geotechnical and Geoenvironmental Engineering Division,
ASCE, 123(5), 411-421.

[17] Mesri, G. and Ali, S. 1993. Undrained shear strength of glacial clay
overconsolidated by dessication. Géotechnique. 49(1), 1-17.

[18] Mesri, G., Huvaj, N., Vardhanabhuti, B., and Ho, Y-H., 2005. Excess
porewater pressures during secondary compression, 16" International
Conference on Soil Mechanics and Geotechnical Engineering,
Osaka, Vol.2, 1087-1090.

[19] Moh, Z.C. and Woo, S.M., 1987. Preconsolidation of Bankgok clay
by nondisplacement sand drains and surcharge, 9" Southeast Asian
Geotechnical Conference, Bangkok, (8)171-(8)184.

[20] Nowacki, F. 1992. Independent Soil Engineering Study for the
Second Bangkok International Airport, Draft NGI Report 920030-1,
Oslo.

[21] Terzaghi, K., Peck, R.B. and Mesri, G. 1996. Soil Mechianics in

Engineering Practice, Third Edition, John Wiley and Sons, 549 p.

- NCCE12 - Volume 3 (GTE) - Page 391 -





