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Parameter

Property/Value

Material model

Hardening soil

Type of behavior Drained
Soil unit weight below phreatic 20 KN/
leV_el('Ys_at) ; ;

Soil unit weight above phreatic level 1925 KN/M?
(Yary)

Horizontal permeability (k) 0.4 m/day
Vertical permeability (k,) 0.4 m/day
Secant stiffness for CD triax(Es) 95000 kN/m?
Tangent oedometer stiffness(Eqeq) 77410 kN/m?
Unloading/reloading stiffness(E,,) 285000 kN/m?
Reference stress (Prer) 100 kN/m?
Poisson ratio (v) 0.2
Cohesion (Cief) 10 kN/m?
Friction angle () 36°
Interface reduction factor (Rjy) 1
Compression ratio (C,) 0.0068
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Table 1. Material properties for numerical modeling of excavation
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Anchor type Normal stifness Pre-stressed force
Six strands 132 MN 1370 KN
Five strands 110 MN 11416 KN
Four strands 88 MN 91.33 KN
Three strands 66 MN 685 KN
Table 3. Properties of the anchor rod (node to node
anchor)
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Parameter Property /Value
Normal stiffness per unit length 1E5
(EA/L) kN/m

Table 4. Properties of the grout per unit (anchor band length)
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parameter Property / Value
Normal stiffness per unit (EA/L) 1.2E7 kN/m
Total normal stiffness (EA)= 3.6E8 kN
Flexural rigidity per unit (EI/L) 3.6E5 kNm?2/m
flexural rigidity (EI) Total 10.08E6 kNm?
Equivalent thickness (d) 06m
Weight (w) 15 KN/m/m
Poisson ratio (v)s: 0.1
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Table 2. Properties of the diaphragm wall (plate)
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% é § 8 Processes in state of dewatering before Processes in state of simultanious dewatering-
c g =) excavation excavation
@ § £gc (what is done in this project) (New sugessted method)
T g8 g
= =5
o [
1 — — Loading without time Loading without time
2 10 10 Start pumping of wells 8.2 m%day in order Stop operating to equivalence dewatering time
3 10 20 to reduce water table to level -27 in suggested model
4 10 30 Concrete piling ,;gn;tgg;sumpmg of wells Concrete piling , without pumping
5 10 Stop operating, g?zn?;%?c:agumpmg of wells Stop operating to equivalence dewatering time
6 10 Excavation to -3m from ground surface, Excavation to -3m from ground surface, without
constant pumping of wells 8.2 m*day pumping
7 10 Stop operating, goznfrtg?;a[;umpmg of wells Stop operating to equivalence dewatering time
8 10 70 Excavation to -6m from ground surface, Excavation to -6m from g_round surface, without
constant pumping of wells 8.2 m*/day pumping
9 10 80 Stop operating, goznfrtg?;a[;umpmg of wells Stop operating to equivalence dewatering time
1 Excavation to -9m from ground surface, Excavation to -9m from ground surface, without
o 1 % constant ing of wells 8.2 m¥d i
pumping of wells 8.2 m*/day pumping
1 100 Stop operating, constant pumping of wells St0|_o operating, Start pumping of wells 2 m*/day
1 8.2 m*/day in order to reduce water table to level -12
1 10 110 Excavation to -12m from ground surface, Excavation to -12m from ground surface,
2 constant pumping of wells 8.2 m*day constant pumping of wells 2 m*day
1 4 18 Stop operating, constant pumping of wells Stop operating, pumping of wells 3.9 m*/day in
3 8.2 m*/day order to reduce water table to level -15
1oy 121 Excavation to -1_5m from ground surface, Excavation to -l_5m from ground surface,
4 constant pumping of wells 8.2 m%day constant pumping of wells 3.9 m%/day
1 131 Stop operating, constant pumping of wells Stop operating, pumping of wells 4.6 m*/day in
5 8.2 m*/day order to reduce water table to level -18
1 10 141 Excavation to -18m from ground surface, Excavation to -18m from ground surface,
6 constant pumping of wells 8.2 m%/day constant pumping of wells 4.6 m*/day
1 169 Stop operating, constant pumping of wells Stop operating, pumping of wells 5.5 m®/day in
7 8.2 m*/day order to reduce water table to level -21
1, 173 Excavation to -21m from ground surface, Excavation to -21m from ground surface,
8 constant pumping of wells 8.2 m%/day constant pumping of wells 5.5 m*/day
L 50 183 Stop operating, constant pumping of wells Stop operating, pumping of wells 7.9 m*/day in
9 8.2 m*/day order to reduce water table to level -25
2 195 Excavation to -2_5m from ground surface, Excavation to -2_5m from ground surface,
0 constant pumping of wells 8.2 m%/day constant pumping of wells 7.9 m%/day

Table 5. The modeling phases according to the real operation and suggested one
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Fig. 7. Vertical settlement at the end of project in state of
dewatering before excavation
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0 110 -12 51.65 0
4 114 -12 51.65 0
8 118 -12 51.65 0
11 121 -15 52.65 1
15 125 -15 52.65 1
21 131 -15 52.65 1
28 138 -18 53.65 2
32 142 -18 53.65 2
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56 166 -18 53.65 2
58 168 -21 54.65 3
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70 180 -23 55.65 4
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w‘ei&ebw‘(\o)i}mb&bwg)b L;/JMS\J:[

YN (i py)?
var, = ‘T (Vo)

LIS 3l Ny Conds p3lie Xi pS0be Py o b ls VAl

sl (it Sl 53 3 08 s Olje (el (812 2o
S e Ol 4 S SIS Ll 5 53 i pslie il
Slors o 5l iy S e i b 5 0l asles SS1
Sl e s gl aolie 4 (Ui Sl s 5
W s (6ls 2358 0L 3 el slowl s sl sas 0L (VY)
s 5 e St SIS Ll (ol sl g ) o e

sl V8784 Ji.w Q—l\ 53 el esls QLIS S Jisl}.a

&i;’-c,!b—ytgjbﬁ:jf)'lﬂL;)ijw)b},«.?.\\'JSJ

selected pints under the adjacent foundation

T

1 2 3 4 5 6 7 8 9 10 11 12 13
!
w

A Lo

[l ; . , ! . ! A A A w

b v v S B B [ ~

o & g g & & © v © o & G

= o R o n %) ) w 3 3 S

o b r 153 @ ES =} o ~

Fig. 12. Vertical displacement in site without water

140

o sl 5 5l eslinad b (gols 238 L Olosen (g3l
sl
Obl b - 5o a6l 1 sl 5 Slay 45 (V1) IS
3 5 2 e s oS £ Klen as s LI (S
Aaso oty by cpns 5l 2 Ol e s lo o
e il 8 3 8 sl Sl s s ) —
-&;du)swﬂjdm,kjjb»\jﬁ%&ﬂ\o‘\‘\
dsb dls  caSle 20 0V Jlde (65 2558 b Olejenr (5310
ek ey O o (sdeoys W 2l sy 0L oS o

g:,.w‘ 6)‘)/.@)? A.L>j4 QL”L’:‘ U LAA[;;

ISt o 5 (ol el 5l Sy 53 N0 U

9 4
E
=
S 6
3]
E
[<5]
(=2}
G 3 A
&3
2
a
0 - - T T )
0 40 80 120 160 200
Time (day)

Fig. 10. Discharge rate for two state of dewatering (dash line: one step
dewatering, solid line: step by step dewatering)

Dabee g Ol Cuis talS Y-F

S oy S okl s S CE Ol e S sk
Gl o3l GBI T o 5 03 s g e il S5 e
,vsotedgw);uu o I ol el Bt el s L
S o Ol YAl L g dadle LB Sl oS el 5l
.J;Sf:lq:i\d\ejbv&iuu}f@m

el oy o a0 Olestles G s 53 0l sl Gl S
S50 3 1 33 IS ol (S s QL | 5

oo S dadlale 53 Ol G sl Jelse 51 S
e b e 5> SIS oy sl T e
RCOW WV U P!

lidS:)l:)\)B@%@ﬁA-Adalaﬁ('\)Jii&lb

G 3ol sl (IS 5 (gyls 558 (g3de Jdo & a5



\Y‘\-\Jb/-\e)w/r.hwa_)jé

oot Ol e pwdige gk — ode dlae

J16] s 558 55 of iy St 5ol K2 i N0 K2

l_ Wall

-
-

Concave type
— — — Spandrel type

Fig. 15. Wall deformation after excavation [16]

b Olejen 3l Sl eslid b oS Ol g o Faeze 53
oy YVEE Ol a1y o Oolael Cld 015 o slo 288
Ol sen (INIE Sl s il 0,8 gl ool sl tals

Sl odalie L}JGJ:J (\.\) Jb/\.ijb 6)\JJ{>)§Lg

SIS (S Ll a3 (158 3 ey g ) s N JSKS
L;)uj_;;j\y,ou,u
Selected pints under the adjacent foundation

1 2 3 4 5 6 7 8 9 0 11 12

-40 - " /
Dry condition /’

-50 -

-60

-70 A

-80 -

Vertical displacement (mm)

% Dewatering before excavation

Fig. 16. Vertical displacement under adjacent foundation in three state
of without water, dewatering before excavation and dewatering
coinciding excavation

(S 5 4o § SNy e —Y
G e (ol Ol Ol ¢l glIKis Slles
Colast O 50 b aS el oS, Gl bl bl 3 ey S
Sl 4 1l ol o ol Sae 3 35 90 Glalla L 4
o5l slaaly S dl Sl ol S cns 3l S0
S AS o Sl UG ol dlalesl L LUl 3 o35 4 6 5250

.mpmugkivjzdmjl}@ob&uﬁ

141

5% ek sl i pislie s Ol (VE 5 (gla K5
3 U elulSes Sl gl bl BE s gl S obl
byl s S L Olepen (3NS5 (gl 2 S
S o3y WY s VAL Cujoa S gs ol ps el olie
Ll Lo )3 YVAL 5 doj3 EA/VA i 5 a0 jlme o 31 BV

Koy o)l 23 Sy 53 (S 3 A6 i Sy 5 JS2
(10) IS5 Gllas 500 ite o)l gd B O i 5 St o5 4,
il Sle3 Y gane Codoms I ol jade 5 s oy g0 3 4
e =Y Al e sl UL oile - S Ul
Gl ) Gl bl ojlgs VU Cad s St Bl oS >~
5 AL el (ghulge ool g & Bl e BT Sl ASB L jads
[16] al Bl 5,8 S Soap s of 8l &S > oy i

g5 3 o238 ol Sl arg by ml sl
|y s 23 (g S sl Ul Ol 5 o oy ol 0 (S lge
Sl 53 e 5 5l s A S Ol g adse cp) a2l &S s

@\gﬁ;}f;\l&s@w&» - )Jdﬁ)wﬂaﬂ .\\'Jﬁ.ﬁ-

selected pints under the adjacent foundation

fig. 14. Vertical displacement in dewatering coindicing excavation
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Abstract:

Steady population growth resulted in increasing the land prices which lead to construction of deep
excavation. Therefore the use of underground spaces is economically acceptable. One of the most important
issues in the design of underground spaces and deep foundation pits is the existence of groundwater and how
to control it. The influence of groundwater on a structural project can be very extensive and it may affect the
structural design, performance and the total cost of the project significantly. Many problems related to
ground water have been observed in excavation sites recently. Those problems have made significant delays
in construction process and sometimes lead to significant re-design of the entire operation process.
Considering the negative influence of groundwater on the reinforcement system, (e.g. nailing and anchoring)
as well as the difficulty of excavation process under wet condition, water must be pumped out from the
excavation area. The process of ground water discharge from the construction area which results in lowering
the ground water level in that area is called dewatering. Dewatering operation may lead to ground settlement
in the vicinity of construction pit which may damage the building. Although the damage due to ground
settlement may be negligible, the potential consequences, especially in connection with claims of third
parties, requires sufficient attention. In recent years, dewatering and lowering groundwater levels along deep
foundation pits subway tunnels in urban environments caused some significant ground subsidence. The
mechanism of this type of ground subsidence is that due to water drainage from the soil layers, the hydraulic
pressure decreases leading to an increase in the density of the soil and therefore, ground settlement.
Dewatering can leads to ground subsidence in different ways where some of them are as: a) removing the
finer soil particles from the ground during water pumpage due to a poor pumping performance, b) in the case
of dewatering by pumping water from the floor of excavation pit, piping and boiling can reduce the soil
strength properties, leading to a failure in the soil mass and ¢) compaction of the compressible soils or
crushable sandy soils due to increasing the effective stress. Some methods such as cut off walls and artificial
injection can be used to reduce the ground settlement due to dewatering, but these methods are very time
consuming and costly. Furthermore, methods such as artificial injection may have low efficiency and cause
environmental effects. Therefore providing a new technique for reducing the dewatering induced ground
settlement in less time and cost is necessary. The strategy proposed in this study is to apply a step by step
dewatering method, by setting pumping from drainage wells, coincides with the excavation process. For this
purpose the PLAXIS2D software is employed as a finite element method to model the settlement due to
dewatering. This operation could be applied by modeling two deep foundation pits with the same structures
and different groundwater conditions. The proposed step by step method was modeled in this software by
estimating the excavation time and coinciding it with water pumping. Step by step dewatering method has
some advantages such as reducing the amount of settlement behind the wall and asymmetric ground
settlement under adjacent foundation, reducing the amount of water pumping out of the ground, decreasing
the Mohr-Coulomb full plastic points in the range of geogrids and reducing the time and cost of dewatering.

Keywords: Groundwater, Excavation, Dewatering, Ground settlement, PLAXIS2D
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