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The Structural Characteristics of the Temporary Cofferdam in Accordance
with the Shape and Size Obtained from Numerical Analysis
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Abstract

These days the circular cross section cofferdam has been frequently used for the earth retaining structures or cut
off wall such as ventilating opening, intake tower in cofferdam, shaft for emergency. By the arching effect, the circular
cross section type cofferdam has more advantage than a polygon cofferdam in terms of the structural forces and moment.
This paper shows the proper approach to analyze the circular cross section cofferdam using 2D Finite Element Method
(FEM) for the circular stiffener (ring beam) evaluation. Besides, the various shapes of cofferdam indluding circular
cross section have modeled the 3D Finite Element Mothod (FEM). The circular cross section cofferdam shows the

minimum reaction force compared with the other shapes of cofferdam.
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WS HsliA Aukz2tol whg Fupo] HAjlof theh ¢t Satol7} Qlow, ofof wet FH HMEFPE 272 234
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Fig. 1. Arching effect by circular cavity (Fara and Wright, 1963)
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Fig. 2. Basic structure model of elasto-plastic retaining wall
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Fig. 3. Spring constant calculation by displacement review

Table 1. Soil properties

So.”. SPT N Unit Weigaht Cohesiog Friction angle | Young’'s modulus | Poison’s ratio | Coefficient of permeability
condition y (KN/m”) ¢ (kN/m°) o () E (kPa) v K (m/sec)
Sand (SM) 9 18.5 - 28 10,000 0.4 8.0x107°
Clay (ML) 17.5 38.0 - 5,000 0.42 5.0x107°

Gravel 25 19.0 - 33 50,000 0.33 6.5x107°
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, k& AH=E(Fig. 3)3hith Xl'?}t&a ]—.—(k)% 5,000.9
N/mm(k=P/6=1,000N/0.199mm) © & Bt 3ja]o] 2
8 AR B8 YLDl 8] EmE A7ke]
Zlo]= 100.0mo|H, Hichd HEo| ol =& |7t

Zlol= L=67.2mE A83lo] 7H=uto] BlAA 349

&4 3 9] 7 E(Axial-Symmetry)
ZASR &3 —% 4—8— o, Midas XDZ 0|83}
E2AJe) A4S 3 Al= Fig. 4 9 Table 33} ) wigh

Soil pressure
MAX=1.73e+002(kN/m2/m)
0.0

Displacement
MAX=-2.98e-002(m/m)

Shear Force Moment
MAX=-5.54e+001(kN/m)
0

MAX=1.49 +002(kN-m/m)
0

(a) Casel. Elasto-plastic analysis through displacement result (Axial-Symmetry, k)

Soil pressure

Displacement
MAX=1.92e+002(kN/mz/m)
0.0

MAX= —3.903002(m;‘m)
0

Shear Force Moment
MAX=-6.16e+001(kN/m) MAX=1.69e+002(kN-m/m)
SR 4 - 0.0 &

(b) Case2. Elasto-plastic analysis through displacement result (Conventional method, k=D?)

Fig. 4. Elasto-plastic analysis of Midas XD

Table 2. Material properties of steel (SS400)

Division Unit weight Thickness Young’s modulus Poison’s ratio
y (kN/m®) E (kPa) v
Wall 78.64 2.1x108 0.3
Ring beam 78.64 16.0 (width=200.0) 2.1x108 0.3
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Table 3. Result of Elasto-plastic analysis (Midas XD)

) Allowable ) Allowable
o Displacement Shear stress Bending stress :
Division (mm) shear stress (MPa) bending stress
(MPa) (MPa)
Casel.
Conventional method (k=D? 39.0 72.50
Casen 108.0 189.0
ase2.
Circular stiffener (Axial—Symmetry, k) 298 63.92
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(a) Circle

Table 4. Result of displacement by case

(b) Octagon
Fig. 6. 3D analysis modeling

(c) Square

Typel (Circle)

Type2 (Octagon)

Type3 (Square)

Casel Case?2 Case3 Caset Case?2 Case3 Casel Case2 Case3
(D=5m) (D=10m) (D=15m) (D=5m) (D=10m) (D=15m) (D=5m) (D=10m) (D=15m)
0.74mm 2.24mm 2.77mm 3.14mm 12.97mm 21.41mm 5.40mm 20.83mm 41.70mm
e 1 None o N33, None

0.2%
+2.543e+000
0.2%
+2.312e+000
0.3%
+2.082e+000
1.2%
+1.851e+000
1.7%
+1.620e +000
1.6%
+1.389e +000
1.5%
+1.158e+000
4.5%
+9.270e-001
%

9.0%
+6.961e-001
13.6%
+4.652e-001
39.4%
+2.343e-001
26.7%
+3.352e-003

(a) Circle, D=15m

+2.141e+001
1.9%
+1.962e+001
08%
+1.784e+001
0.1%
+1.606e+001
2.5%
+1.428e+001
21%
+1.250e+001
0.0%
+1.072e+001
28%
+8.938e+000
21%
+7.157e+000
9.7%
+5.376e+000
13.5%
+3.595e+000
188%
+1.814e+000
45.7%
+3.313e-002

Maxi21.4052

(b) Octagon, D=15m

Fig. 7. Result of displacement by case

(c) Square, L=15m

NRE , None
“23170e +001
17%
+3823 4001
20%
34774001
28%
+3.1306 4001
1%
+2.783 4001
4%
4243604001
4.4%
+2.090e 4001
85%
+1.743 4001
6.3%
+1.396e 4001
7.4%
+1.049 4001
8.4%

+3.557e+000
24.1%
+8.929e-002
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Fig. 8. Graph of analysis result value (Displacement) e} gra] B eRQlo] A eRRTh WAy Flo]
Table 5. Result of shear force by case
Typel (Circle) Type2 (Octagon) Type3 (Square)
Division Casel Case2 Case3 Casel Case2 Case3 Casel Case2 Case3
(D=5m) (D=10m) (D=15m) (D=5m) (D=10m) (D=15m) (D=5m) (D=10m) (D=15m)
Ring beam 0.20kN 0.27kN 0.27kN 1.12kN 1.34kN 2.05kN 1.50kN 3.22kN 4. 15kN
Wall plate 2.53kN 2.74kN 2.39kN 58.19kN 73.94kN 149.88kN 16.83kN 52.26kN 75.67kN
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Fig. 10. Graph of analysis result value (Shear Force)
Table 6. Result of bending moment by case
Typel (Circle) Type2 (Octagon) Type3 (Square)
Division Casel Case? Case3 Casel Case? Case3 Casel Case? Case3
(D=5m) (D=10m) (D=15m) (D=5m) (D=10m) (D=15m) (D=5m) (D=10m) (D=15m)
Horizontal
Reinforoement 0.33kN-m | 0.46kN-m | 0.74kN-m | 0.42kN-m | 0.98kN-m | 1.59kN-m | 1.09kN-m | 2.49kN-m | 3.24kN-m
Wall plate 0.26kKN-m | 0.29kN-m | 0.73kN-m | 4.08kN-m | 4.97kN-m | 9.25kN-m | 1.24kN-m | 3.24kN-m | 5.07kN-m
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Fig. 11. Result of bending moment by case (Horizontal Reinforcement)
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