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Fig. 1. Components of an anchor
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Fig. 2. Excavation of Atiyeh Gharb Hospital
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1 Explicit Finite Difference
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Fig. 3. The first type of the position of nails and anchors in the desired section
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Table 1. The specifications of the anchors in the studied excavation of numerical model

Anchor No. Depth (m) Type Total Length (m) Total Length (m)
Anchor 1 5.9 5 Strands 38 8
Anchor 2 7.9 5 Strands 38 8
Anchor 3 9.9 5 Strands 36 8
Anchor 4 11.9 5 Strands 36 8
Anchor 5 13.9 6 Strands 39 12
Anchor 6 15.9 6 Strands 39 12
Anchor 7 17.9 6 Strands 39 12
Anchor 8 19.9 6 Strands 38 12
Anchor 9 21.9 6 Strands 36 12
Anchor 10 23.9 6 Strands 35 12
Anchor 11 25.9 6 Strands 38 12
Anchor 12 28.4 6 Strands 36 12
Anchor 13 30.4 6 Strands 34 12
Anchor 14 324 6 Strands 32 12
Anchor 15 344 6 Strands 22 12
Anchor 16 36.4 6 Strands 18 12
Anchor 17 38.4 6 Strands 17 12
Anchor 18 40.4 6 Strands 17 12
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Table 2. The specifications of the nails in the studied excavation of numerical model

Nail No. Depth (m) Diameter (m) Total Length (m)
Nail 1 34 28 14
Nail 2 4.9 28 14
Nail 3 6.9 28 14
Nail 4 8.9 28 16
Nail 5 10.9 28 16
Nail 6 12.9 40 16
Nail 7 14.9 40 16
Nail 8 16.9 40 14
Nail 9 18.9 40 14
Nail 10 20.9 40 12
Nail 11 229 40 12
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Fig. 4. Modeled soil grid in FLAC 2D software
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Table 3. Parameters of PH model used in numerical modeling

Soil layer 1 2 3 4
Depth(m) 0<H<I15 15<H <30 30<H <45 45<H
Mass-Density (kg /m®) 2000 2000 2000 2000
Friction angle (Degrees) 36 33 34 34
Dilation angle (Degrees) 6 3 4 4
Cohesion (kPa) 30 35 40 45
E!Y (MPa) 100 150 170 200
E’Y, (MPa) 100 150 170 200
E' (MPa) 300 450 510 600
Power (m) 0.5 0.5 0.5 0.5
Poisson’s ratio 0.3 0.3 0.3 0.3
Tension Limit (kPa) 41 54 59 67
P, (kPa) 100 100 100 100
Knc 0.41 0.45 0.44 0.44
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Table 4. Parameters used for shotcrete

Area (cm?) Mom. Inertia (cm*)

Thickness (cm)

Young’s Modulus (GPa) Poisson’s Ratio

1500 28125

15

20 0.15
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Table 5. Parameters used for soldier pile

Radius (m) Spacing (m) Young’s Modulus (GPa)

1.0 4.0 200
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Table 6. Parameters used for interface between pile and soil

Normal stiffness %, Shear stiffness A, Cohesion Friction Angle  Dilation Angle
(MPa/m) (MPa/m) (kPa) (degrees) (degrees)
17.5 35 233 24 .4 0.0
b 295 G S 2318kl 390 (Sl kel Y Jou
Table 7. Parameters used for nails
Nail Tvpe Radius Spacing Young’s Modulus Compressive Yield Tensile Yield Perimeter
yp (mm) (m) (GPa) Strength (KN) Strength (KN) (mm)
D28 28 2.0 200 2.6 258.6 345
D40 40 1.0,2.0 200 53 527.8 345
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Table 8. Parameters used for anchors

Anchor Area (mm?) Spacing (m) Young’s Modulus Compressive Yield Tensile Yield
Type (GPa) Strength (kN) Strength (kN)
5 Strands 715 2.0 200 133 1329.9
6 Strands 858 2.0 200 15.9 1595.9
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Fig. 5. Burger model pattern [16]
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Fig. 6. Diagram of strain changes over time in Burger model [16]
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Fig. 7. Diameter of the reinforcing member and the thickness of the grout or shear zone in the soil
environment [15]
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Table 9. Parameters used for nails and anchors based on their position in each layer

Soil Layer 1 2 3
Kbond (kN/m?) 337570 506350 573860
Sbond (KN/m) 10.9 12.7 14.5
Sfriction (degrees) 36 33 34
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Table 10. Parameters used for the Burgers creep viscoplastic model

Depth(m) 0<H<30 30<H
Maxwell shear modulus (MPa) 3700 5000
Maxwell viscosity (MPa.day) 200 700
Kelvin shear modulus (MPa) 1000 10000
Kelvin viscosity (MPa.day) 90 250
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Fig. 8. Cross section and details of nailed wall [4]
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Fig. 9. Axial load in the nail of the third row at the end of excavation and one year after excavation
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Fig. 10. Horizontal displacement of the nailed wall at the end of excavation and one year after excavation
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Fig. 11. Loads recorded by loadcell S13-7 and predicted by numerical modeling in 6th anchor
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Fig. 12. Loads recorded by loadcell S21-7 and predicted by numerical modeling in 11th anchor
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Fig. 13. The profile of the horizontal displacement predicted by the software at the end of excavation
and 216 days after the end of excavation.

Ogrge e gl olul 4l el Jljslay > (535 o 4y by
ol ol 5l e g sl 35250 59, V0 (gl bt b5 s gl ol
Gl psS g il Jolie LL loi W S5 jlages j3 sl st il
ol 048 et oluw Sy cpalas b
Lld j) ss s 3950 osnlie 35 VF S5 5 &5 wisS lon
)13 3929 (338 (bl gl 5 e @l m Gloj S5k 53 e 9,
Saotn Bl @bl (55 ol ) ghie I g O Gas > aul
Joee o ol el pbals Hlde | i (sdde sildie lawgy ol
Sl Jels cleMbl sl s 4 gl )3 29390 OS] 51 (S .l
xS kol @ 4 g casbly ) (giloylul g )0 58 ol sl 2]
$lgs o o)) 305 s el (o330 (giludie 3 podle g i galate lus b

s Gl (605 il yo s

ol 03,5 1 ial3dl yia oo O Lim A0 iShis olaals lade s
Olej 3 ks (Bl plaals Eyn Jlges )3 &S SIS (yizren
4 Canl 03y 5 (VW US55 oad ooy i) (gyt0 Yo Bes 3 b3
VIO dlold) sos cpl o a8 )S )3 slee oo 93 (g3g0c dlold wglas s
Oglds cpl il (g5t V) yloo oo plo (3508 alold 4y s (g y20
E) 355 ey il sl slaals b Cul odd cely byl oo alold
g odnlie Al pl (WS35 lej yd 0dld
Taw (s yio B Gos > &S )9Sl S e gls gafie () )3 (yizren
Cawl 00 Cumd 2o 13365 jlgud sbasls cud g (650501 Can (o)
Amd o plxl (cam 9> Jlow e a8t Sl I el eyied
B LY S sllas 5B 5 a8l sliwly 93 53 Gas ol 3 ol

Ol 3l o polie g Cawl iy pladl 4y (61510365 ¢)1SU8 ) 33 9 Cuas

) +qA



VY B YVeAY dio NF-Y JL“’ A o)l.ow: PAI 0,93 ‘)M.g).:.nl ul)o.c L;».b.e(e du).mJ

10
3 0
Xy
Y
5 -10
3 -20
-30
0 50 100 150 200
Gy ol

—.—lem s —— oue sl =S

(<)

(o so) 88 o> al>

0 50 100 150 200
(o) ol

—— e @lis —0— oue sldas wls

()

(@) ¢ B lals (W) gdas g3lmdse bwgi 0uwd dut (ylt 9 3983 ) bawrgd ol Cud ol jlufle duws e N F JSCS
w8 plal

Fig. 14. Comparison of displacement value recorded by reflector and predicted by numerical modeling (a)
horizontal displacement; (b) Vertical displacement
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