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A CASE STUDY OF BRACED EXCAVATION USING
STEEL SHEET PILE WALL IN THI VAI SOFT CLAY

The paper presents a case study of braced excavation using sheet pile wall in Thi Vai
soft clay in South East of Ho Chi Minh city, Vietnam. The study is focused on stress-strain-
displacement behavior with field monitoring of lateral displacement of the wall and settlement
of the surrounding area while the I1lm excavation of the pump pit was performed.
Furthermore, comparison of calculated and monitored data is shown to get insight into actual
behavior of the braced cut wall. It is finally found that the ratio between maximum lateral
displacement to maximum excavation depth ranging from 1.12, 3.08 and 3.35% respectively
for inclinometers INC-01 to INC-03 and that between surface settlement to maximum
excavation depth 0.93% without any failure of the braced excavation and effective stress
analysis can be used for getting reasonable and practically accepted values of both lateral
displacement and surface settlement.

Keywords: soft clay, sheet pile, excavation, lateral displacement.

Hao Txi Ban Tpam, acnipanm

Inorceneprno-6yoisenvruit 6i00in, Tpancnopmuuti konedxc Ne3, B’emnam
Jle Tpone Heia, ooyenm

Inorcenepro-oyoisenvruil 8i00in, Texnonoeiunuii ynigepcumem, B emuam
Hyene Kone Oanx, cmapuwiuti ceomexHivHutl cneyianicm

Dipma «llocko inoicunipuney, B’ emuam

IMPUKJIAL YIAHLITYBAHHA INTMBOKOI'O KOTJIOBARY,
CTIMKICTB BOPTIB SIKOT'O 3ABE3NNEUYETHCSI METAJIEBOIO
HIITYHTOBOIO CTIHKOIO 3 ITAJIb B YMOBAX CJIABKHUX
INIMHACTUX IPYHTIB PIMHUX BIJIKJIAJIB TXAM BAWSA

Haseoeno 0oceio ynawmyeanus Komniosawy 3 SUKOPUCMAHHAM CMIHU 3 Memaleeux
WNYHMOBUX NAb Y CIAOKUX STUHUCIMUX PYHMAX pivHux ioknaodie Txati Baiisi na nis0eHHoMY
cx00i micma Xowiminn (B’ emuam). Jlocniosxcenns 30cepedrceHo Ha NOPIBHAHHI PO3PAXOBAHUX
Hanpyscenb — Oeopmayiti — nepemiujeHb ma GUMIPIHUX NPU MOHIMOPUHZY OOKOBUX
nepemiwjens ympumylouoi cmiHku ma ocioanb HAGKOIUWHBOI Mepumopii npu 61aumysanHi
11 m uivku. Binbuwi moeo, NOpieHAHHA PO3PAXOBAHUX OAHUX | OAHUX MOHIMOPUHSY NOKA3VIOMb
peanvHy noGeOiHKY nionepmoi cmiHu  020pO0JCEHHs KOmMIo8awy. Busenewo, wo
CNIBBIOHOWIEHHSL MIXHC MAKCUMAIbHUM OIYHUM 3DYUEHHAM MA MAKCUMATbHOW 2NUOUHOI
komaogany cmanosums 1,12, 3,08 i 3,35% e6ionogiono oo inxkninomempie INC-01 — INC-03.
Yemanoeneno maxoowe, wo cniggionowients Midxc OCIOAHHAM NOGEPXHI | MAKCUMALLHONO
enuounoro komnosany cmanosums ,93% 6e3 pyunyeanns po3nipHux KOHCmMpYKyiu. Ananiz
eeKmuUBHUX HANPYICeHb Moxce OYymu SUKOPUCAHO OJisl OMPUMAHHS PealbHUX 3HAY4eHb
OOKOBUX nepemiuyeHb ma OCIOAHHS NOBEPXHI.

Kniouoei cnosa: crabkuil enunucmuil IpyHm, WnyHmosi nai, KOmuo8aH, OiuHull 3CY8.
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Jao Txu Ban Tpam, acnupanm

Huorcenepno-cmpoumenvuwiti omoen, Tpancnopmuwiii koanedxnc Ne3, Bbemnam
Jle Tpone Heua, ooyenm

Unocenepro-cmpoumenvuwiii omoen, Texnonocuueckuil yHugepcumem, Boemuam
Hyene Kone Oanx, cmapwiuii 2ceomexnuyeckuil Cneyuaiucm

Qupma «llocko unorcunupuney, Beemnam

IMPUMEP YCTPOMCTBA ILTYBOKOTI'O KOTJIOBAHA,
CTOUKOCTH BOPTOB KOTOPOI'O OBECINEUNBAETCSI
METAJJIMYECKOM LIITYHTOBOUW CBAMHOM CTEHKOU B
YCJOBUSX CJABBIX [NIMHUCTBIX TPYHTOB PEUHBIX
OTJIOKEHUM TXAU BAUSI

Ilpuseden onvim ycmpoticmea KOMI08AHA, UCNOAb3YS CMEHYy U3  MemalIudecKux
WNYHMOBBIX C8All 6 CNADLIX NIUHUCMBIX 2PYHMAX peuHblx omuoxcenuti Txai Baiis na toeo-
6ocmoke 2opooa Xowwumur (Bvemuam). Hccneooeanusi cocpedomouenvl Ha CpaeHeHUU
PACCHUMAHHBIX HANPAXNCEHULl — Oedhopmayuli — nepemenjeHutl U GbLMEePEeHHbIX NPU MOHUMOPUHEE
OOKO0BbIX nepemewenull yoeporcusaroujell CmeHKu U 0Ca0oK OKpydcaiowjel meppumopuu npu
yempoucmee 11 .m eviemku. bonee moeco, cpasnenue paccuumanuvlx OAHHBIX U  OAHHBIX
MOHUMOPUH2A NOKA3BIBAIOM PeasibHOe N08e0eHUe NOONepmoll CIMeHbl 02paicOeHUs KOMI0B8AHA.
Buviasneno, umo coomuouienue mexcoy MaKCUMATbHbIM OOKOBbIM COBUCOM U MAKCUMATLHOU
enyounou komnosana cocmaensem 1,12, 3,08 u 3,35% coomeemcmeenno unkiuHoMempos
INC-01 — INC-03. Ycmanoeneno maxoice, umo COOMHOUIEHUE MeNCOY OCAOKOU NOBEPXHOCHU U
MakcumanbHol  enyounou  komnosana cocmasusiem 0,93% 6e3  paspywienus pacnopHuix
KOHcmpyKkyutl. Ananuz s¢ghexmusHvix HanpajceHull Modcem Obimsb UCNONL308aH OJisl NOJYYeHUs
peanvhblx 3Ha4eHUll OOKOBbIX nepemenjeHull U 0CaOKU NOBEPXHOCIU.

Knrouegwvle cnosa: crabolii enunucmolil 2pyHm, WHYHmMOSble c8au, KOMI08aH, 60Kosoe
cmewenue.

Introduction. The location of the project is South East of Ho Chi Minh city
as shown in Fig. 1. This river water intake structure is built to get river water for
heating purpose of refrigerated LPG so it is located very close to the shoreline of
Thi Vai River with daily tidal cycle observed.

Due to the narrow and limited area of the existing LPG factory, braced
excavation using sheet pile wall was implemented for the construction of this
pump pit. Sheet pile type is of IV type and bracing beam is of H-400. The depth
of the excavation is of 10.90 m as average, from ground level ranging from
+2.40 m to +2.60 m following National chart datum.

During the deep excavation work, the pit was kept drained by the submerged
pumps installed in the drainage lines there. Therefore, pumping of water out of the
excavation pit will generate residual water level up to 9.90 m. The residual water
level contributed lateral pressure to sheet pile wall. Furthermore, construction
surface load of 30 kPa was mobilized from the third excavation stage.
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Fig. 1. Location map of the site

(Skempton and Ward 1952) reported a full scale multi-propped excavation in
soft clay and finally stated that the factual data on soil conditions and monitoring
output were more important than their interpretation, recognizing that methods of
interpretation would develop with improved theory, while the data would always be
useful for calibration of new analytical methods or as a contribution to empirical
designs. In the mean while, (Wu and Berman 1953) presented a very deep cut in
soft to medium clay and found that great restraint at the base of the wall of the case
could restrict the ground movement and change the pressure distribution.
Furthermore, (Bjerrum and Eide 1956) also presented many cases of excavation in
soft clay with a bit different purposes. The paper had a profound influence on the
design philosophy of braced excavations leading to dimensionless base stability
numbers in later semi-empirical procedures for predicting both ground movements
and support loads as per stated in (Peck 1969) and (Clough and O'Rourke 1990) in
which maximum movement for the cases of soft to medium clays are ranging from
2% to 5% of the deep of excavation.

Following the work on advantages and limitations of the observational
method by (Peck 1969), there came many additional studies carried out by
(Powderham 1994), (Glass and Powderham 1994), (Young and Ho 1994) and
(Ikuta, Maruoka et al. 1994) which are referenced in CIRIA report R185 on the
Observational method in ground engineering: Principles and application by
(Nicholson, Tse et al. 1999). This publication now becomes a standard guidance
for practical application of the observational method in UK construction.

(Zdravkovic, Potts et al. 2005) compared three dimensional analysis with
various approximation of an excavation within a diaphragm wall and stated that
in some extends, approximate two-dimensional analyses were adequate, in terms
of both wall bending moments and ground movements.

Subsoil properties. Investigation was carried out in 2009 for FEED (Front End
Engineering Design), and in 2010 for detailed design of the whole project.
Unfortunately, there was no borehole or field test done near the location of the
river water intake structure where the land had been reclaimed for almost ten
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years. Therefore, additional investigation with two boreholes BH-07 and BH-08
as shown in.

Fig, one piezocone penetration test CPTU-04 and one field vane shear test
VST-05 was conducted just for the engineering design of this support structure
before the start of the excavation work to get undisturbed samples for laboratory
testing and good insight into the real soil condition of the reclaimed soil after ten
years. The additional soil investigation is necessary for the design and
construction of the braced excavation in soft ground condition. The ground
includes around 2 m of sand filling on the top, which was completed around ten
years ago, underneath is 18 m of soft clay with high water content and highly
compressible characteristics.

Sandy soil was found in boreholes BH-07 and BH-08 from the depth of 20
to 27 m though its thickness is ranging from 18 to 25 m for the whole site. Fig. 2
shows the layout plan of soil investigation in the river water intake area. Fig. 3
shows physical-mechanical property profiles which clearly separate two layers of
soft soils in the ground. The soft clay has natural water content close to liquid
limit, unit weight of around 15.0 g/cm? and void ratio ranging from 1.7 to 3.20.

77

E ]

13.8

DEEP EXCAVATION PIT
8 Boreholes C-BH (March 2010)

Additional vane shear VST
O (November 2010)

Fig. 2. Layout plan of soil investigation for the project site

The void ratio to be used in the finite element analysis is 2.4 and 1.90 for
top and bottom soft clay respectively. It is found that even the reclaimed sand
have consolidated the soft clay by its self-weight. Not much effect from the
reclaimed sand to the soft clay deposit resulted in the fact that the soft clay is
now lightly over consolidated with OCR ranging from 1.40 for top clay and 1.20
for bottom clay because the effective stress increase by the sand fill was not
large enough to bring the soil to normally consolidated state. Piezocone
penetration testing was done for the whole site to investigate the detail of soft
clay profile from area to area.
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Fig. 3. Physical mechanical properties

The field testing results by piezocone penetration and vane shear test plotted
in Fig. 4 shows that the soft clay is almost same from top to bottom of the soft clay
layer though there is sand seam found from elevation -1.0m to -5.0m with high un-
drained shear strength at shallow depth as presented in Fig. 5.
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Fig. 4. Piezocone penetration and field vane shear test results

Furthermore, the increase in (qi-0’vo) in these depths confirm the existence
of these sand seams. As found in the laboratory test results, un-drained shear
strength to effective over-burdened stress ratio is of 0.23 as the average value
according to vane shear test and piezocone penetration as shown in Fig. 4 and
Fig. 5. Moreover, cone factor Ny=15 is found to be consistent with vane shear
test data. Soil properties for each layer are tabulated in Table 2.
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Fig. 5. su vs. over-burdened stress ratio
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Fig. 6. Triaxial test results for top soft clay

There were six samples taken by hydraulic piston sampler for UTCT
(Undrained Triaxial Compression Test) as presented in Fig. 6 and Fig. 7 to be
done to get effective stress parameters for the analyses, vane shear test and
piezocone penetration test are used in conjunction with UTCT for the estimation
of the effective stress parameters of soft clay layers.

Monitoring instrumentations. For the safety control of deep excavation,
field monitoring instrumentations including settlement plates from SP-01 to
SP-07 and inclinometers from INC-01 to INC-03 were installed following the
arrangement in Fig. 8 and data were used for the evaluation of behaviors and
safety factors of the excavation work. In the mean while, there are existing LPG
pipelines, which need to be secured, about 13.80 m from the sheet pile wall.
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Fig. 7. Triaxial test result for bottom soft clay

As shown in Fig. 8 three inclinometers were installed around 2 m away
from sheet pile wall line in order to ovoid their damages during the installation
of sheet piles. The main direction of inclinometer INC-01 is toward riverside or
toward the excavation pit while INC-02 and INC-03 directions are toward
riverside and toward the excavation pit. This arrangement gave the engineers the
overall view of lateral movement of earth into the pit and toward the river
because one side of the pit is close to Thi Vai River. In this case, it was very
important to use inclinometers INC-02 and INC-03 for the assessment of factor
of safety for land sliding issues too.

However, in this paper only data of inclinometer INC-01 is used for
assessment of behavior of soft clay under braced excavation of the pit.
Inclinometers and settlement plates were installed before sheet pile were driven
by hydraulic pressing machine so the initial readings for these instrumentations
will be determined as from the completion of sheet pile installation on
06 December 2011. The length of inclinometers installed is of 36 m; however,
the data considered are only 30 m from the top of inclinometer casing. Top
elevation of the casing is almost equal to existing ground elevation.

Analysis of braced sheet pile. FEM analysis was performed to study the
behaviors of the braced sheet pile wall in soft ground condition. Soft Soil model
is used in the analysis with Plaxis, a finite element code, in order to simulate the
behavior of soft clay layer while Mohr Coulomb model is applied for reclaimed
sandy soil and sand layer at the bottom interested domain. The following
construction sequences in Table are applied in the analysis. Soft clay layer
behaves in un-drained condition due to its low permeability coefficient while
sandy soils in drained condition.
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Fig. 8. Arrangement of monitoring instrumentations (Dimension in m)

Table 1. Construction sequences of the excavation work

Ne Construction sequences Starting date |  Finishing date
0 | Sheet pile driving (GL. +2.40-+2.60) 6-12-11
1 | First excavation to EL. +1.60 12-01-12 14-01-12
2 | First bracing installation at EL. +2.20 15-01-12 17-01-12
3 | Second excavation to EL. -0.40 02-02-12 07-02-12
4 | Second bracing installation at EL. +0.20 10-02-12 11-02-12
5 | Third excavation to EL. -2.40 12-02-12 17-02-12
6 | Third bracing installation at EL. -1.80 23-02-12 27-02-12
7 | Fourth excavation to EL. -4.40 28-02-12 08-03-12
8 | Fourth bracing installation at EL. -3.80 10-03-12 13-03-12
9 | Damage of first bracing 10-03-12 13-03-12

10 | Fifth excavation to EL. -6.40 14-03-12 25-03-12

11 | Fifth bracing installation at EL. -5.80 26-03-12 28-03-12

12 | Sixth excavation to EL. -8.50 29-03-12 06-04-12

Table 2 shows all effective stress parameters for the four soils in finite
element analysis. Section properties of structural elements as bracing beams, H-
400 and sheet pile type 1V are tabulated in Table 3.
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Table 2. Soil properties in finite element analysis

. E' AY, ! kx:ky (p > C’ Cc Cs €0 OCR
Soil layer
[kPa] | [-] [m/day] | [deg.] | [kPa] | [-] [-] [-] [-]
Sand fill 30000 | 0.30 | 8.600E-02 | 30 SA9 | NJA | N/A | N/A | N/A
Soft Clay I 0.15 | 1.206E-05 30 13.85 | 1.15 | 0.15 | 2.40 | 1.40
Soft Clay II 0.15 | 3.566E-06 30 11.55 1 1.00 | 0.15 | 1.90 | 1.20
Sand 30000 | 0.30 | 8.600E-02 30 519 | NJA | N/A | N/A | N/A
Table 3. Section properties of structure elements
Area-A | Momentof | Young EA EI Weight
Structure Element Inertia-1 | modulus - S
[cm?] [em?*/m] [kN/ecm?] | [kN/m] [kNI}l /m | [kg/m/m]
H-400 214.4 [-] 20000 4288000 [-] [-]
Sheet pile type IV 242.5 38600 20000 4860000 77200 190
| Lateral movement, (mm)l
INC-01 INC-02 INC-03
5 ]00.200.300 0 .]00.200.300 0 .]00.200.300

Elevation, (m)

————————

-303

1
- ——
1
==
[l

Lol

& (07Feb2012 & 21Feb2012

24Mar2012

“+ 29Mar2012 (-8.50)

<+ 08Mar2012

<© 15Mar2012

¢ 04Apr2012

Fig. 9. Monitoring data of lateral movement at all three inclinometers

Finite element analysis with soft soil model is performed, under plane strain
condition, to evaluate the behavior of the wall compared to field data. The results
of FEA are presented in the below section. Fig. 11 and Fig. 12 show shaded total
displacement and deformed finite element mesh of the whole domain after the 6
excavation. The maximum uplift movement of bottom of excavation pit is
around 127 mm as shown in Fig. 13. The uplift movement is increasing from
sheet pile face to center of the excavation pit. However, outward of the pit, there
is ground loss behavior and the ground loss at pit bottom elevation is ranging
from 3 mm to nearly 41 mm at 6 m from sheet pile wall. The total uplift
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movement here can be attributed to rebounding of soft clay and large lateral
displacement of sheet pile.
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Fig. 10. Monitoring data of surface settlement at plates SP-01 to SP-07

Total displacements (Utot)
Exireme Uto! 132.86"10°3 m

Fig. 11. Shaded displacement at 6" excavation

The results of lateral displacement vs elevation and surface settlement vs
normalized distance from the wall are plotted in Fig. 14 and Fig. 15 right at the
end of each excavation stage. Calculated lateral displacement and surface
settlement show good agreement with monitored data. However, the monitoring
data show that after the date of the last excavation on 29 March 2012, lateral
movement and surface settlement was still increasing, this can be attributed to
consolidation and/or degradation of modulus of highly compressible soft clay,
which is not considered in this paper. The authors found that for practical
purposes, an effective stress analysis with Soft Soil model in a finite element
code can achieve good results for both lateral movement and settlement in
comparison with actual monitoring data. From 3™ to 6 excavation stage the
results of the analysis show that calculated values are well agreed with
monitored values of lateral displacement. At the 2" stage, calculated lateral
movement of inclinometer is larger than monitored values, and the monitored
values from the 6™ excavation are increasing over time.

30ipHIK HAYKOBHX TTpallb (Tay3eBe MalHoOyyBaHHs, OyaiBHHUITBO). Bur. 3(38). T1.- 2013.- TTontHTY 25




Deformed Mesh
Extreme total displacement 132.86°10"3 m

(displacements scaled up 10.00 times)

Fig. 12. Deformed mesh at 6™ excavation

g 200 L] ! L] L] L] L]

S L s
IR e i o S i i
£ IR Y F
O  Of=se=ececazoor- oo -7 -~ N ioward| ]
S FC - T TpTToT syt - 7o - - | the pit [~
€ _100 H=_Calculated uplift |1 - - [Outward] - -@——F - —
g L o o _L__o___vr__|thepit [___—__§___ [E—
S 200 i | i | : I i i

= -32 -24 -16 -8 0 8

Distance from sheet pile wall (m)
Fig. 13. Uplift at bottom of the excavation pit

The ground calculated loss profiles are well agreed with the monitored data
as specified in Fig. 15. The differences at lateral movement may be attributed to
over-cutting of earth at some areas in the excavation pit, resulted in actual
excavation depth was larger than that considered in finite element analysis.

To this end, even the lateral movement is ranging from 1.12 — 3.35%
maximum depth of excavation, there is no signal of failure during the
construction of this braced excavation. Furthermore, it was found that at the end
of 4" and 5™ excavation, there was twisting of bracing beam at level 4 and 5
from the top so lateral displacement increase aggressively. However, lateral
movement of sheet pile has been stopped from 22 May 2012 to now because
drastic action was taken as soon as there was evidence that the lateral movement
of sheet pile was increasing more and more.
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Fig. 15. Comparison of calculated and monitored ground loss from the face of sheet pile wall

Conclusions. Lateral movement ranging from 1.12 — 3.35% and settlement
of 0.93% to maximum depth of excavation will not cause any failure for deep cut
in highly compressible soft clay with large thickness like Thi Vai soft clay.

Effective stress parameters can be used successfully in finite element
analyses of braced excavation for Thi Vai soft clay and the results of those
analyses show good agreement with monitored data in both lateral displacement
and surface settlement.

Observational method plays an important role in this deep excavation if
used in conjunction with sufficient monitoring system of inclinometers and
settlement plates. These instrumentations give full insight into Thi Vai soft clay
behavior during the deep braced cut for the construction of river water intake
pump station in shoreline area of Thi Vai, Vietnam.

Finite element analyses (FEA) with sophisticated boundary conditions and
advanced parameters should be used in routine design and construction of braced
excavation in soft clay.
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