JOURNAL OF THE KOREAN SOCIETY OF AGRICULTURAL ENGINEERS MAR. 2004, pp. 93-103

L R
A463 A23

A 280 0N BF Fvo] FEAY A A4

Stability Analysis of the Light Weight Earth-Retaining Structure
in the Trench Excavation
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Abstract

In trench excavation, essential factor of earth-retaining temporary work structure should be easy taking to
pieces and movement, and dead weight must be less. This paper studies about the light weight material and
application as earth-retaining structure to prevent the slope failure of sand soil ground caused by the variation
of groundwater level in trench excavation. That is, light weight earth-retaining structural is proposed and a
simulation with FEM on application of proposed structural in sandy soil is presented. The results are
summarized as follows; @ The study proposed FRP H-shaped pannel for the light weight member, and also
presented estimation method about stability. @ Mechanical property (bending moment, shear force, axial
force, displacement) were changed according to groundwater level, but these values had been within enough
safety rate and allowable stress. Therefore, proposed light weight pannel with FRP is available for bracing

structure in trench excavation.

Keywords : Trench, Slope failure, Retaining wall, Fiber reinforcement polymer, Light weight pannel
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Fig. 1 Forces acting at retaining wall (sandy ground)

Table 1 Soil parameters for sandy soil

Soil constants Sandy soil (SP)
Unit weight (kN/m’) - =
Yot 20.6
Angle of internal friction ¢ 30°
;C)i:;fsf;(;fnt of active earth K, 03
Load (kN/m’) g 938

(a) Soil constants of sandy soil (Liao et al., 1998)

Soil constants |h=0{h=H/4|h=H/2|h=3H/4| h=H
Yoo (kN/m’) 1862|1666 147] 1274 10.78
Sandy| P, (kN/m?) [12.08| 1082 955 827 7
(SSO;> P, (kN/m?) | 326 326/ 326| 326| 326
P, (N/m?)| O 735 147 245 294

(b) Soil constants on groundwater level variation
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Suppor bar Light weight
Support plate of bar retaining pannel
Horizontal support pile

(a) Structure

Horizontal support pile
Light weight retaining pannel
L— Support plate
£——Support bar

(b) Plane

Horizontal support pile

Light weight retaining pannel
Support plate

Support bar

(c) Side

Fig. 2 Light weight pannel structure

® Setting the pannel

@ Installation of strut

@ Installation complete

Fig. 3 Construction process of the light weight earth-retaining structure
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Table 2 Mechanical properties of FRP and various structure material

Tensile |Compression} Bending | Shear Elastic Impact -
Material strength | strength | strength | strength | modulus | coefficient Specific
it
(N/mm®) | (N/mm® | (N/mm®) | (N/mm?) | (N/mm®) | (N/mm®) gravity
Structural steel (SS41) 4116 - - -l 2058 14,700 78
Mhﬁféf; || Aluminiom alloy (245-T)| 4606 - 1 7m44]  686|1960~2882] 28
Aluminium alloy (525-0) 1862 - -l 12446 68.6 8,134 28
g‘ggggrade fiber glass 3234 2i44|  am| 784~%8| 19600 124] 18
FRP Roving fiber glass fabric 26754 163.66 2303 159.74 19.600 - 18
gffr?c fabric fiber glass 19 7| 2548 784~98| 15680 w0 17
Glass mat 9 98| 14~18| 784~98| 15680 980 16
Unsaturated polyester 40,18 15484 1127|6468 3724| - 3038] 112
Plastic |Rigid viny! chloride resin 588 a8 98 392 2,940 29.4 14
Polyacrylate acrylic resin 70.56 98 98 4312 2.744 294 14
Table 3 Details of the light weight pannel and su- 2. OtXA 7o) CHSE O|2
pport bar
Height ¢9) 300 cm Edo] F2AY AP FriAEE Fig 59 o
Total thickness (t) 15 cm ehdch AR, Fobo] FRAH e A F
Pannel |20 tickness () Lom =4, 2370l Akl AANES 43
Low.;ver thickness (&) 1cm t 55 Y, AARY ¥4 Az d8d =
o e USan g gy AEE A, A% AR 1A
Re | BT Bn_ gool 3 w4y o Padas Seud
a = 2]
Spacing om YA, 2% 9o dg Envel Fgas vy
(a) Light weight pannel £ H4si, o]2 EdZ AFHLY AHE] of
34 B,
Diameter (¢) 10 cm KAk
i (t) 1
Thicknes 2 7t 2% 8 o FCio| CH OFEA T}
Section area (4) 2827 cm s w10 MLL — . -
ool ot of 2% P& = o] Y 74 Fof st ¥
eomelr! enl Q 4 - -
inertia (1) 2893 cm o] 207 g 5 gloy oPgFAL of
Radius of gyration (7) 320 cm ot 2}
Support condition (%) Hinge (k=1)
Length (L) 270 cm fo = ‘4?’“ y+_ﬁ§¥¥-x S fygrrrerenenmnns (1)
Design moment (M) 0294 kN + m ¥ Y
Design strength (P.) 196 kN _-l_-,_&s“/s‘] éi’f]- x‘;‘l y‘%‘%kg] i’v]ﬂﬂiﬂ_‘?_‘{ﬂﬁt— rd_
(b) Suppert bar W Fld A s, cpredd oaea
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External force

Modelling of retaining
structure

Material

« Coefficient of earth
pressure

« Excavation depth

« Groundwater level

« Load

Modelling of light weight
FRP pannel with the 2
dimensional plain element

Pannel, Form of support
bar, Mechanical property
of material (allowable
stress, elastic modulus)

{

Analysis of light weight
retaining structure by using
FEM

|

Analysis of retaining wall
according to various external
force

|

Stability estimation of
light weight Pannel

Fig. 5 Flowchart of analysis procedures for structure
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{a) Model of retaining wall

(b) Water pressure (groundwater level h=%H)

Fig. 6 Finite-Element mesh for simulating sheet structure

247 FE319 Fig. 6() sk o] maHaI3ich
7N, AL &S wol7) Sjsd £
TEAMAY R G AA FYTe OE F
71 50 mm FAECE RAYsrh. AAg o2
Mot A FAEeN A &

A O2ARHES ARSl Ebshs 0w diAs
712 3k AAEE F9 Tk 2L 41 2
of dZslglon, e B(HY 82)2 BEE WYE
TEATE FHko] F2A et BE B (H
A 1-99 28 s v, HA4 3%
ToNE AN AAREeE Qs ke W
e TEslTh AgoRM HEd Yss, &

2 e 2 A AelxEz e s
Bohs) Wildold BEAE, AvE, FYS
154

B9

A S gt Fig. 60 v &9l 1249
Aol ofgt Y o =2A Ask9]

O
—

V. ke ®ot o ug

Table 4 Section constants

Geometrical moment of
inertia ( l.= Iy?/)

10274 cm*/m

Section modulus {5 ="5u) 1370 em’/m
Allowable bending moment (M.) | 13426 kN - m/m
Web section area (A== t.xh.) 30 cm’/m
Allowable shear strength (V) 147 kN/m
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Fig. 9 Effect of bending moment on groundwater
level change
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(a) Shear force( Vi) {(b) Shear force( Vi)
Fig. 10 Shear force diagram (h=1/4H)

25

23 F

2.1

19 |

Safety factor

[ - Maximum Shear Force

1.0 1.5 2.0 25 3.0

Water level (m)

0.0 0.5

Fig. 11 Effect of shear force on groundwater level
change
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x10" N/mm’(Abdullah, 2001)0]=2 Zhalle] ]
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~I- Deflection

Max. deflection (cm)
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Fig. 12 Maximum deflection on groundwater level
change
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water level change

2000) &
AEF HAsk: o] dQ

1#Hs] 375 kN o4
=g

AAEE 7}

6. AIX|S2| ot AHE

2% W9 22 Husd AnerE 7 a4
ﬂlol HE AR g A FUEE I gEd
£ Fig. 14, Table 59] Al on, Aakg
4 A4 r=0%9 A%, 58 T Egdol
thst x|2)%-9 e -137.69 kN o] @Ay}
o, 1 % Askre] Asd wet 2a4 7ast
= A%E Bon, Ak r=12HS 71H0R
w48 kIt Ed, E9dEn ZHES] Ha
A= Ay a=3 molAd -180.22 kN
0.319 kN -molt}. oJof £ AtelXe #2&Y
9 FEZ 9skel, 271942 FEsto] FAY
24 E FERG. ANdy AL 55 8017
kN eflA @A¥she, 2250 %8 (Table 5) 3 1]
aEpE ok 4u) ojite] HEE HAstn IYSE
& & gtk gWRow = F712 B 7
9 AY, fzdkEo] Paske A¥o] glot 4
AZHA vlst] gZstgo] Ags] a2z A
FAHAIHA] o=t
A71oA FRPE olgst A% &ufo] TxAE
Adatlon, dAlele] H84E& Fusly| HaiA

 dEE 4 KFS AFste] AAsEel o

1O,
=

=7
<]

ol
=

2
dEES

102

7.0

e
=]
S5
<
]
o~
>y
pey
L
S
[5:1
] . |

45 F » - Axiat Force !

4.0 T T T T T

0.0 0.5 16 15 20 28 3.0

Water level (m)

Fig. 14 Effect of axial force on groundwater level
change

Table 5 Analysis results of support bar

Soil | Ground level | h=0 |h=H/4{ h=H/2 |h=3H/4| h=H
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