G, STUDY ON WALING AND STRUTS
-1 STUDY ON WALING
G-1-1 Section force
{1} Axial force
Axial foree is calculaled with the following formula.
M=HKR-B+Mt
where,
R @ Supporl reaction (refer section 5-3-2 )
B : Assignment widlh of axial force (= 1.45m )
M1 : Bffect of temperature { = 0.0
(2) Bending moment
Bending moment is ealculated with the following formula.
R-L
)

&=

where,
Lz Calculation span (= 4.0 m )
L : Suppor reaction (refer section 5-3-2 )
{3} Shearing force

Shearing force is caleulated with the following formula.

R-L

5= ——

2

(:1-2 Check on siress
(1) Axial compressive stress
Axial stress is caloulated with 1he following formula.

M
A

g =

where,
Mz Axial force (M)
A Section arca of wale { mm® )
(2) Bending stress

Bending siress 15 calculated with the following fTormala,
oboy = —
i~

where,
M : Bending moment { N mm }

£ : Section modulus of wale { mm* )
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() Shearnmg slress

Shearing stress is caleulated with the following formula, t ]

3
T= —

Ao

where,

3 1 Shearing force ( M )

Aw ; Seclion area of wale for shearing [ mm?* )
=(H-2-1f ) tw
(4} Check on Buckling
Bucking is checked with the following formola.
o obey

+ E ) | T farmula 1
ageaz. ohagy {1 - ucfma}']

abcy

ac + = orgal -n= formula 2
i] - ur_z."::lnag.'::l

where,

o Axiul compressive stress (N / mm?®)
Fhe @ Bending stress (M S mm® )
ociz : Allowable axial compressive stress (N / mm?)
/e & 18 Ocaz =210
1B<l/rz 592 ocaz = 140 — 82 (1 /r - 18) x1.5

92l ocap o b200,000
6,700 + (1/1)°

K

where,  1: Buckling length {mm)
rz : Radivs of gyration of z-scction (mm)
chagy : Allowable axial compressive stress (N / mm?)
Ilb/b =45 obapy =210

45 <Ihfr = 30 obagy = 140 - 24 (Ib /b —4.5) x1.5
where,  Ib: Fixed distance of flange  (mm)

r: Width of flange {mm)
oeay : Euler's buckling stress (N mm? )
1,200,000
Ay = ———
(Iyfry)”

where, Iy : Buckling length (mm)

ry : Radius of pyration of y-section (mm)
ocal : Allowable local buckling siress { N/ mm?)
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f-1-3 Checking resulls

(1) Position and suppor reaction of wale

|

{2} Section force

(3} Stress

_ Wale positiun E (kM/m)
Level 1 wale GL-1.50m 1237
Level 2 wale GL-4.50m 153.1
Level 3 wale GL=T50m 354
Lizve] =I wale GL = 050 m 2171
Level 5 wale GL-11.80m 474.7
Level & wale GL=1420m 43LE
Level 7wale GL = 1640 m 472.4
Level § wale GL - IE-FH'J'_m 156.2
Mo E B M K I %) 5
[ " ) (kN (m’ (kM m?) (kM) {m) (kM 1m) (kM) |
1 123.7 1.43 0.1 177 4.0 247 247
2 1531 1.43 0.0 219 4.0 3 L[
3 3d5.4 1.43 .0 293 4.0 354 354
4 2171 1.43 0.0 310 4,0 434 434
5 4747 1.43 0.0 330 4.0 475 475
6 4308 1.43 .0 a0s 4.1 330 330
T 4724 1.43 0.0 338 4.0 472 472
a 156.2 .43 0.0 223 4.0 a1z J12
BETRE : A Z | Aw e obcy | t<120
Mo, |[Specification of wale __{r.'n_'l:} f:m’} (em?) .l:memg} fH.-fman (N.-'mml]l_
i F-350x250x12x 19 172 | 2280 | 374 10 109 G D
2 H-350350x12x19 172 | 2280 | 374 13 134 2 0K
3 IH-350x350% 12009 | 172 | 2280 | 37.4 15 135 U5 QK
d H-A00xA000% 13x21 21% | 1.43 15.0 14 130 93 0K
5 IH-HMd00x 15521 219 1 1.43 | 15.0 I 143 102 OF
& | 2ZH-400x400513x21 219 143 | 150 14 L) Rl QK
T 2H-A400x400% 1352 ] 219 | 143 | 150 Is 142 102 Ok
B H-3505330x12x10 172 143 | 150 13 137 810K
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{4) Cheek on buckling

4-1-77

1 10 109 |45 177 [104| 183 [263 | 1733 | 210 | 065 | 119 |OK
2 13| 13a 45| 177 104 185 | 263 1733 | 210 | 080 | 148 |DK
3 13 155 (45 177 [114| 185 | 263 | 1733 | 210 | 093 | 172 | OK
4 14 | 130 |40 183 |100) 190 | 229 | 2297 | 210 | 077 | 145 |OK
5 16 143 | 40| 183 [100| 190 |229 | 2207 | 210 | 084 | 159 |OK
fi 14 | 99 |40| 183 |100] 190 | 229 | 2207 210 | 060 | 114 | oK
K 15 142 {40 | 183 |00 | 190 | 229 | 2297 | 210 | 084 | 158 | QK
8 13 137 |45 | 177 |114| 185 | 263 | 1733 210 | 082 | 151 |OK
B <10 | <ocal




G-2 STUDY OM STRUTS
6-2-1 Section force
(11 Axial force
Axial farce is caleulaled with the following formula.
M=HB+M
where,
I : Supporl reaction {refer section 5-3-2 )
B Assignmenl width of axial force { = 5.0 m )
Ni : Effect aof temperalore { = 150 kN/m? rele section 2-3.5 A
(2) Bending moment
Bending moment is calculated with the following formula.
U
&

whire,

M=

L i Calculation span { =4.15 m )

wo Wertical load on strut (= 50 ENfm® | refer section 2-3-5; T, )

6-2-F Check an stress
(1) Axial compressive siress

Accinl stress is caloulated with the following formula,

= —
A

where,
M- Axial foree { N )
At Section area of strut [ mm?® )
{2) Bending siress
Bending stress is caleulated with the following formula,
ahey = -r"'—t
where,
M : Bending moment [ M mm }

£ Section modules of strul { mm? )
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(3 Check on Buckling
Bucking is checked with the following formula,

ac ohey

+ —— £ ] ] ceeeeeaas forrmula 1
acaz  abagy - [1 =0 l_‘luu}'}

feb {] & ::'j,-::ﬂv?}'j = [uf:] (TP RS—— T 1T
where,
o 1 Axial compressive stress (M S mm? )
obe @ Bending stress (N / mm*)

ocaz : Allowable axial compressive stress (M S mm?®)

1/rz =18 oAz = 211
18=<1/rz = 92 oz = 14— 082 {1/ r - 18) x1.5
97 |/ o e 1,200,000 1.5

6,700+ {1/1)
where, 1: Buckling length (mm})
e : Radivg of gyration of z-section (mm)
obagy : Allowable axial compressive stress (N / mm® )
Ib/b =435 obagy = 210

45 <lb/r = 3 obagy = 140-24(lb/bh-4.5)x1.5
where, b : Fixed distance of flange  (mm)

1 : Width of flange (mm)
ogay : Buler's buckling stress (M mm?)
1,200,000k
Qyiny)
where, Iy : Buckling length {mm)

ry : Radius of gyration of y-section (mm)

aeal : Allowable local buckling stress { N/ mm?)




0-2-3 Checking resulls

{1} Posilion and supporl reaction of strul

Strun position R {me_‘,l_

Level 1 srul GL=1.50m 123.7

Level 2 strul GL — 450 m 1531

Level 3 strun GL="7.530m 3454

Lewel 4 strut GL-980m 2171

Level 5 sl GL- 1180 m 4747

Level 6 sirul GL— 14.200m 4308

Level 7 sirul il — 16,30 m 4724

Level 8 strut GL=1860m 1562

(2] Seclion force
o E B M ™ L i

© | (EM/m) () (kMm*) (kM) (e} (kN m)
1 123.7 5.00 150 ThHa 4.15 10.8
2 153.1 5410 150 015 4,15 108
2 3454 5.00 151 1036 4.15 10.8
4 2171 5.00 150 1235 4.15 10.8
5 4747 5.00 150 1337 415 10.8
Y 4308 5.0 150 1227 4.15 15
7 4724 S.00 150 1331 4,15 L1
B 156.2 S0 150 e | 4,15 108

{33 Stress
B , A A Al abey
N-:l_ Specification of wale teni) | fem™ | (Nmm?) (N/mm?)

1 H-300x300x 10x 15 [18 | 1350 i B
2 H-AMM)x300: 10x 15 118 | 1350 T 3
a ZH-300x300x 1% 15 I8 | 1350 E3 G
4 H-300x30% 1k 15 118 | 1330 1{H B
30 | ZH-30ME30010x15 | 118 | 1350 113 b3
O | ZH-30x300x 010515 | 118 | 1350 104 3
T | 2H-300x200% 1 0% 15 118 | 1350 11z B
8 H-300x200% 10x15 118 | 1350 T 8
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{4y Cheek on buckling

d-1-51

ot Mo NC;EE:F Lz | L ﬁﬁﬁﬁf LYY | N?&;i* IMTHI“ m";mh _
1| 63 $ |ss| 16s |138) 176 |317 | 196 | 210 | 0as | B |oK
2 | 77 | 8 [ss] 165 |138] 176 |37 | 1196 | z10 | 05z | & |ox
3 | 88 | & [s5] 165 [138] 176 | 317 | 196 | 210 | 058 | 95 |oK

4 | 104 | & |ss| 165 |138| 176 | 317 | 119 | 210 | 068 | 13 |OK

5 | 13 | 8 |ss| 165 |138| 176 | 317 | 1196 | 210 | 074 | 122 |OK

6 | w4 | 8 |s5] t6s |138] 176 | 317 | 1o6 | 210 | 088 | 11z | oK
7 |2 | 8 |ss| 165 [138] 176 | 317 | 1196 | 210 | 073 | 121 |oK

8 | 9 | 8 55| 165 |138| 176 | 317 | 1196 | 210 | 053 | 87 | oK

B <1.00 | =ocal .




4-3 STUDY ON BRACE
G-3-1 Seclion force
(1) Axial force
Axinl force is caleulated with the following formula.
MN=1L2-(L14L2) "R {cosd4 M
where,
R : Support reaction {maximum = 237 kN/m, No.5 level, refer section 5-3-2 )
LLL2 : Assignment width of axial force (L1 = 1.0m, L2 = 3.0 m)
0 : Installation angle [ = 45 )
Nt : Effect of temperature { = 150 kN/m?® refe seelion 2-3-5 ;T )
= 1R2+(1.043,00) x 237 / cosd5 4 150
=821 kN
{2}y Beading moment
Bending moment is caleulated with the following [formula.
w-L*
8
where,
L : Calculation span { = 4.15m }
Wt Verlical load on strut (= 5.0 kN/m? , refer section 2-3-5; T, )

b =

5.0%4.15°
)

=1.24 kM m

0-3-2 Check on siress
{1} Axial compressive stross

Axial stress is caloulaled with the following formula.

]

Oc = =—
M
where,

M oAxial force [ = 821 kN )
A : Section area of strot (=11,840 mm? ; H-300x300x10x15)

B21x10°
11,840

=68 N/mm® < 210 Ninm? O
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(2} Bending siress

Hending stress 15 calculated with the following formula,
%]
obocy = —
L

where,
M : Bending moment { =124 KM m )
Z : Section modulus of strul { 1,350,000 mm® }

1.24 = 10°
1.350,004)
=1 MN/mm*

(31 Composition sloess
oo 4 obcy = 210 NYmmy?
6+ 1.0 =70 Nimm® < 210 N/mm® OK

d-1-83




L1

L) 18]

]

[T

L =l T ERE e LT
L1 T LK kL HE|
[T B _ T (1] Tar T W S
". _rI:.
]
4 1
rd ; m
g v | :
i
et - - ! | m
o = - - — - ] _
“ e o L — 1 1
_ _ ¥
- — e — __
_ — -
i e ity [
ol = R - e - - __|_|_ Il.ﬂ.:ﬂ-.llnu._L
= - - St T T " R N || SRR (| I e 1l ” g
1 L SRR A o |
i e
il ; ! _ i .J..-...H.
= B " EE S LI [ i
g E B SR O s g o e L -~ == =hke— — = at U
g2 O SRS et (SRR LR 1SS P vy g L el
1M i :Eum. ol . 3
= ] ook . 1l | ¥ %
- T, B I -
_ ;_ i E TIPS [ i
= —- gy — R 1| awmryy -
| = oA | N 1 i z
: = - - 7 il= = = = = i |III._.”I g
L
_ Illllll.h
o 1 ;!
£ === fr==-= [y - ---- ~~-- - _ z
B tfl==-— Wi P -cmma oo __ -1 7
r ) — e — |||. —_— - — e}
i I 1 FI |
S i L ] i o
[ o . =
i - 1 _
Z | 1 [ 1 0 : o
E winm el g g m
_ -
3
| -
| .
| |
1L [ L3 LD [0 Har Mt _

SMOEKIWIT INY 2dVHS T-L
ST LIVIOIWHALNI MO H2aHD L




(1) Mol pile
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(2 Mo2 pile
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T-25TUDY ON No.1 PILE
7-2-1 Loading
{1} Vertical load by buckling

Vertical load by buckling is calculated with the following formula.

NI=1/50 “Z(R-L1+ Nt + R-L2 4 Nt

where, R Supporl reaction (refer, section 5-3-2)

L1, L2 : Assignment width of axial force of both directions
Ll1=50m,L2=408m
Ni: Effect of lemperature { =150 kN/m, refer section 2-3-5; T,)

Stru I L1 L2 Nt | E(R-L1+Mi+R - L2+Ni)
No. | (kNm) | {m) (m) | (kM) (k)
1 124 | S0 4.08 150 1,423
2 153 5.0 4.08 150 1,650 o
3 354 5.0 448 | 150 3,518
4 217 50 408 | 150 2271
5 475 5.4 4,08 150) 4,ﬁ_1[|'
| 6 | 430 | so | 408 | 150 4,212
7 472 5.0 4.08 150 4,590
_H 156 5.0 4,08 1541 1LTIR
Total 24,032

M1 =1750x24 032 =481 kiN
(2) Verlical load by self-weight of sirut

Vertical load by self-weight of strut is calculated with the following: formula,

M2=Z(w-L1+w-L2)

where, w i Self-weight of sirut (=3.0 kN, refer section 2-3.-5; T,)

L1, 12 ¢ Assignment width of axial force of both directions
Ll =530m, L2=4.08 m

M2=(5.0x50+50x408)x8  =363kN

i3) Vertical load by self-weight of pile

Vertical load by sell-weight of pile is calenlated with the following formula.

M3=W-lp

where, W o Unit weight of strut (=091 EMAm, H-200x300x | (15)

Lp: Length of pile (= 220 m )
M3 =081 x 22.0 =M1 kN

(4) Tolal vertical load

M=MN1+ N2+ N3
=481 + 363 420 =Hn kM
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7-2-2 Check on stress
{1} Axial compressive stress
Axial stress 15 caloulated with the following formula.

M
oc=s —

A
where,
M : Axial force { = B6d,000 N )
A1 Section area of wale (11,840 mm?® )

864,000
11,840

= 73 MN/mm’

(2) Allowable axial compressive siress

Allowable axial compressive stress is calculated with the following formula.
i = 18

acaz = 210
18 =1frz = 92 ocaz = 140 - 0.82 (1 /r— 18) x1.5
02 =11z kg 1,200,000

—-| s rf
6,700+ (1/ )
where, | : Buckling length (= 3,000 min)

rz | Radius of gyration of z-seetion (75.5 mm; H-300x200% 10x15)
1/ rz=3,000/75.5

=307
therelor,
ocaz = 140 - 082 (1 /r— 18y x1.5
=140 -082x{39.7=181x 1.5
= 183 N/mm’ = oc= T3 Nimm® OK
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1-2-3 Check on hearing capacity
Allowable bearing capacity of pile is calculated with the following formula.
Fa=HRo /s
wliere,
Fu : Ultimate bearing capacity (kM)
=oMAp
a: Cocfficient by construction method (= 300; preboring and
morlar method)
Mz N-value of ground (= 2
Ap - Section area of pipe
=nf4-F=x/4x065=0332m
= 20} x 20 x 0,332
= 191 kN
Fs @ Safely factor (= 2.00)
=1991 /2
=906 kN = N=88d kN OK
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7-3 STUDY ON Mo.2 PILE
7-3-1 Loading
{1} Vertical load by buckling
Vertical load by buckling is calculaled with the following formula.
M1=1/50 "Z(R L1+ Nt+R-L24+ Nt
where, R Supporl reaclion (refer, section 5-3-2)
L1, L2 Assigmment width of axial force of both directions
Ll=410m, L2 =408 m

Mt : Effect of temperature { =150 kN/m?, refer scction 2-3-5; T}

Strul Rk L1 Lz Mt Z(R-L14Mt+F- L2+Mi)
Mo, | (kNS () (m} (kM) (kM)
[ 1 124 | 410 | 408 | 150 1,312
2 153 | 410 [ 408 | 150 1,552
3 354 | 410 | 408 | 150 [ 3,199
4 217 | 430 | 408 [ 150 2,076
5 475 4.10 4,08 1511 4,183
6 | 430 | 410 | 408 | 150 | 3,824
Total 16,146

NI=1/50%16146 = 323kN
(2) Vertical load by self-weight of sirul
Vertical load by sell-weight of strut is caleulated with the following formula.
M2=E(w Ll +w-L2)
where, w2 Sclf-weight of sirut (=5.0 kN/m®, refer section 2-3-5; T,)
L1, 1.2 Assignment width of axiul force of botli directions
Ll=4.1m, [2 =408 m
MZ={110x50+50x 408 x6 =2M5kN
{3) Vertical load by self-weight of pile
Vertical load by sell-weight of pile is caleulated with the following formula,
M3 =W Lp
where, W Unil weight of strut (=091 kMN/m, H-300x300x 10x 1 5)
Ly Length of pile {= 2000 m }
Ni=.9 x200 = 18.2kN

(47 Total vertical load
M=MN]+M+MI
=323 # 245 +18.2
=d0d kN
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T-3-2 Check on stress
{2} Axial compressive siress
Axial stress is caloulated with the following formula.
» ;
A

ac =

where,
M Axial force { = 464, M0 N )
A : Section area of wale (11,540 mm* )
464,000
11,840
= 39 Nfmm’

{23 Allowable axial compressive stress

Allowable axial compressive stress is calculated with the following formula.

Iirz = 18 ocaz =210
18 <lire =92 ocar = 140 - (082 (1 /r- 18) x1.5
02 w1 DG = 1,200,000

6700+ (1rF
where, I : Buckling length (= 3,000 mm)
rz : Radius of gyration of z-section (75,5 mn; T-300x300k 10x15)
1/re = 3,000/ 755
=39.7
therefor,
ocag = 140 - (L2 (1 /r - 18) x1.5
=140 =082 x (397 - 18)x 1.5
= 183 Nimm® = oc =39 Njmm® )04
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¥-3-3 Check on bearing capacity
Adlowable bearing capacily of pile is caleulated with the following formula.
Ra=Hu/Fs
where,
R : Ullimate bearing capacily (kM)

= N-Ap

a2 Coefficient by construction method (= 300; preboring and
miortar meelhod)
M @ M-value of ground (= 20}
Ap : Section area of pipe
=m /4 D=/ 4% 0.50° = 0.196 m?
= 30K x 20 x 0.196

= 1176 kM
Fs : Saflety fuctor (= 2.0)
=11T6¢2
=588 kN = MN=q64 kN oK
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8. STUDY ON SCONDARY COFFERDAM

B-1 SHAPE AND DIMENSIONS
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B-2 5TUDY OM PENETRATION LEMNGTH BY EARTH PRESSURE BALANCE

&8-2-1 Loading

The required penetration lenpgth decided from a balance of moment by the soil pressure of
bottem from the strul. The ground water presswre is assumed zere al the up of wall,

The pressure that acted on the wall was calculaled with 1he formula of the secljon 2-3-4.

Excavation level of this case is GL - 1.4 m.

(1} Aclive side

Active carth pressure is caleulated with the following formula.

Py =(Py +q)k, ‘E'E'ﬂ.'IE

= lun? {45 — y2)

where, 4§ : Elfective internal friction angle

e
A \Aj‘;l;? : Surcharge load (Take self-weight of slab into consideration.)

AT
S == A1 )
Eﬂ\ ﬂ‘,ﬂ o =12 x 24.5 = 29.4 KN/m
ff i S = - -
g =& s c | Evyh-+aq pa
Mo | & n e L | T | v |- agnat -8 kH/m?
1| ooa| eool 1o 210 200 20.40 | 0.37552 [ 0.00
0. 8g | 0.0 34, 30 0.
2| aoel 1.s0] 1o [21.0] 2000 39.30 | 0.37552 |  0.00
2. 40 70.0 55, 80 0. 00
K| 2. 40 D60 | 11.0 [3%0 0.0 Bh. A0 0. 30726 . o
300 70, 0 52, 40 0. 0D
4| 300 o038) 1m0 |30l 200 62.40 | 0.30726 | 0.00
2 36 70 0 6E. 36 8T
. o4 _
By Y
Lo £ i il
LONN F& Ke & F
&, ¥ “ N !
Momenl Vﬁﬂl‘-'ﬁ%rlh Pressure / \ ; # ‘rlJ &
Tkmh |7l | st b
Mo IEE fﬁﬂm I-:%.I?-ﬂ Pz kN ¥om Ma kN =m
»| o080l 1.50 0. 40 o.00 | 0.50 0. 00
| 2. 40 ooo| 000 100 0. 00
3| 240 060 ooo| oo00| 1.70 0. 04
300 0. 00 g.od| 14D 0. 00
s 2o00| 036 0. 00 g.00| 227 0. 00
3. 36 1.17 0. 21 234 i 48
|
z D21 | 0. 49
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Ground waler pressure load is caleulated with the following formula.
P Sl Ty
¥ lrl a-,‘-.I-":n E
Where: ._u_:;.- U.-" iﬂl
<o umit weight of waler (=10.0 kN/m") f'l? W

d case copfidered

—t
E

£

. depth hclnw w-.|¢r takle for th
A:h“_k_ml o} Lo

Py T i

v | EZz | BE | pw KFEH | F—LBE [2—a b |
L. -m h m kM/m? Fu kb YoOm h# kM =i
1] ool 210 0. 00 945 | 070 6. 62
3,00 30.00 | 3150 140 | 441D
2| 00| 0.3 3000 G40 | 297 11,99
3 36 D, 40 non| 23 0. 0
I 45,95 62, 70

Tolal horizontal pressure at aclive side Fa =021 + 464 = 46,6 kN
Todal moment at active side Ma=0494+ 627 =632 kN m

{2} Passive pressure

Py =I:I",|,+|:]:I-h:1in +2-c- )k

LEY

ky, = lan® (45 + ¢'2)
where, ¢ : Effective inlernal friction angle

(] : Surcharge load {= 0,0 kN/m*)

ppse {g+Zyh) Kp+2cv (Kp), Kp=1an® (45-+ 72}

il TF}-"“{':W clonedd *I <
Fxz | EE b Ivh+ta | !
Mo 1 & | "hm ki | & | ki |~ khym? Ke KNy
| 4 3. 00 0.36 ( 1.0 (320 20.0 0. 0o I, 25459 72.16
| | 336 2.0 ER B5. 05
Mf-.. ot (g 0 of Jzacld
Mm;aﬁfﬁ W e LA
o | Exz | BE | pp KENH | 7R | E2—A D)
GL-m| ha ! kW/m*® Pp kN ',rn!h.-'tp"c:hl m |
| aom| 03| 7218| 1299 222 | 28B4
3.36 B5. 05 15. 31 .34 1h. 82
r |
r | 28. 30 i fi4. 66
Total horizontal pressure al passive side Pp=28.3 kN
Total moment at passive side Mp = 64,7 kN m
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(3} Show a load figure in the following.

3.00

l
1. 50 | .0 .'_

1
? ! =
- — <

) e 30. 00
e _—— =W =
] - 2
= HE.&&EII. | R —
d:
I §
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8-2-2 Balance of mement
Mp/Ma=647/63.2 =10 QEK!
Balanced depth (Z) is 0.36 m
Therefor,

Fenelration lenpih D=f&x12=030%12=043m =

8-2-3 Depth of virlual supporting poin

Mp

Fp

Where, LU : Lenpil between excavation level and strut
=300 m=090m=2.10m

Y o=

- L0

—— 21
28.3

=0.16m (GL-3.183m) <075m =2 0.75m

4-1.97
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E-3 STUDY ON BOILIMG

Boiling is checked with the following formula.

Fe— 27 °1d
Yo "
where, s
Ty - Bulk unit weipht of soil {given in section 8-1) =
T ... buoyant unit weight { =y, -y, = 10.0 kN/m* ) J_-ifl; hw
Yo« unit weight of water {= 1000 kKN/m")
Ld ... peneiration length (assumed = 3.0 m) R P
b, .. depth below water table (= 3.0 m) v J Ld
- Z2xllx3.0
10 3.0 AN
U
=20 2 Tsa=12 KR!
B-4 SUMMARY OF PENETRATION LENGTH
' o N Excavalion Penelration ]_::ng.rh af wall
: Drepil (m) Depth (m) {m)
Penciration ]E::E::ntg:uﬂh pressure 2 00 3,00 6.00
Check on baoiling 100 3.00 6.0

Therefore, Temporary wall lenglh is 6.0 m.
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d-3 STUDY ON SECONDARY COFFERDAM
£-3-1 Calculation length
L=D+Y¥-Ds
where, [} : Excavation depth (= 3.0 m)
¥ - Depth of vinwal supporting poeint (= 0.75 m; refer, §-2-3)
135 : Brepth between surface and sirul { = 0.9 m)
=30+075-09
=285m

8-5-2 Loading

Aclive earth pressire is caleulated with the following formula.
Fy = [Zw-h +=|]" k

where, v Average unit weight { = 20.0 kN/m? )

q : Surcharge load (Take seli-weight of slab into consideralion.)

=12 x 24.5 = 294 kN/m®

k : Coefficient of earth pressure
=0.60-002-Z =0.060-0,02x30
= {154

Passive pressone

Pp = []-",,‘. -+ q]-!-;m + 2.0 1|']«:m_

k,, =tan® {45 + iy
where, ¢ : Effective internal friction angle { = 32.0 dep)

(] : Surcharge load {= 0.0 kN/m")
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1.00

0.39 0.36

e o
\ 5. 60
= __._*.,%E il
Eee—rl
—
——
s : g
1 =
7 __ i‘a\”: o =
Eg HTJ- A 3L 1 gt%._]ﬁ =
99 0] .~ - .!_ ﬂ« 6. 39 J
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853 Section farce

Bending moment Mo =345 kM m

Shearing force Speaz = 46,1 kN

Support reaction " Ra- 46,1 kM
Rhr=31.5kN

8-5-4 Specification of lemporary wall
Lse the Sheet pile 3-lype
Elastic moedulus 2= 1240 em®

Cocfficient =00
8-5-4 Check on stress
Bending stress is checked with the following formula,
F=—
L I

gy __34jxmf'
006 % 1,340,000

= 43 Nfmim® = 270 Nimim?® (44
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9. THE CALCULATION OF THE DIAFPHRAGM WALL IN THE PERMANENT CONDITION

Caleulation model of diaphragm wall in the permanent condition is a spring support beam
madel.

-1 INPUT DATA
8-1-1 Specifications of diaphragm wall
{1) Length L = 36.3 m
(2} Moment of incrtia I = {1556 m
I=112xbxd* x 0.6
=112 % 1.00 x 146" x 0.6

= (.1356 m" l—— e
B S e S =
= | = | JI.S | E“ =
5| = ' ; ' = = F
el N (R, | MY
" Sl e v
(3} Elastic modulus E = 25,000,000 kN/m*
9-1-2 Spring constant of slab
spring constant of slab is caloulated with 1he following formuola,
SR L5 1 "
L-{i+4.) bfi-e)
where,
E : Elastic modulus of concrete (= 2.5 x 107 kM/m® )
Az Section arca of slab
Type  Arca (m)
Middle Slab 0,30
__Base Shb 1.20
Lo Leapgth of slab § = 29.6 m)
b Horizontal interval of strul { = 1.0 m)
1. @ Creep coefficient of concrele { = 1,2)
£, Drying shrinkage strain of concrete { = 180 x 10
[ : Coeflicient of opening { ={ L1-L2)/ L1 )
L1 ¢ Internal widils (m}
L2 : Cpening width {m)
| Type L1 1.2 [ |
Middle Slah 24.0 11.55 0.519
Base Slab 24.0 (.00 1.4
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hiddie slah

2x25=10" %03 1
e zy.ﬁxﬂ-pi.zJ'_”j.ux[1_1Enxm-'f'}“n'm
= 119,527 kN/m*
Baze slab
2x25x10" x1.2
"~ T296x0+12) x1_nx{1_|lmrxur*}ﬂ'm
= 921,210 kN/m®

8-1-3 Coelficienl of horizontal subgrade reaction

Coefficient of horizontal subgrade reaction is caleulated with the following formula.

k]

Eh = i-a-liu [iJ *
0.3 03
wlere,
E; : Modulus of deformation of ground (kM/m? }
B : Loading width { = 10.0m )
o} Coeflicient [ = 4)
. B Kh
Fpad {kwnf]yi-'} = (m) | (kM)
Made pround L] 4 LD 807
OHlayer | 700 4 10.0 673
SClayer 3,500 1 10.0 356 |
Egr;.-'[{uj layer 7000 4 10,0 th, 718
SMII) layer 14,000 4 10.0 13,456
CH layer 33,600 q 10.0 32,204
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0-1-4 Calewlation mode)

i
-\_-l-l.-"-

bee = 199 2l

i_h__
iﬁﬁi
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B-1-5 Laoding
{13 Live load
A uniform traffic surcharge of 10 kN/m?® is applicd,
(2} Earth pressure and water pressure of active side
LEarth pressure{Ps) of active side is applied with formuly of section 2-3-4(27 1), and water
pressurc(Pw) of active side is applied with formula of section 2-3-3,
a) EL+2.20m
Psl=05x(18.0x0,15+100)
= 6.35 kN/m*
b} EL+0,20m
Ps2=05x( 180x 0,15+ 180 x 1.85 + 10.0)
= 23.0 kN/m*
¢} EL-0L10m
Psd=0.5%x{ 1B0x0.15+ 18.0x L85+ 9.0 0.3 + 104
= 24.35 kMN/m?
Pwl =100x03
= 3.0 kN/in®
dy EL-2_1{m
Psd =05 x{ 150x 015+ 18.0x 185 + 9.0 x 0.3 + 5.0 x 2.5 + 10.0)
= 24.35 kN/m’
Pwl=100x 230
= 2300 kN/m’
e) EL-3.95m
Psi=05x(180x 005+ 180x 185+ 90x 03 +50x 2.5 + 11.0 x 1.85 + 10.0)
=305 kN/m®
Pwl=100x4.15
= 41.5 kMjm?
I} EL-7.10m
Psb=05x [ 180 x D5+ 180 x 185+ 90 x 03 +50x 25+ 11.0x% 1.85 + 11.0 x 3.15
+ 1y
= 61.9 kN/m?
Pord = 100 % 730
= 73.0 kN/m*
) EL-10.25m
PsT=03x(18.0x 015+ 180x L8 + 90203 +50%x25+ 11.0x LB5 + 11.0 x 3.15
£ 100 % 3.15 4 10.0) -
= 79.2 kN/m?
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Pw3 = 10.0x 10.45
= 104.5 kM/m?
h) EL-17.70m
P =05x(180x015+180x185+90x03+50x25+ 11.0x 185+ 11.0x 1.15
#1010 % 315+ 11.0% 7.45 + 10.0)
= 120 kN/m*
Pwi = 10.0x 17.9
= 179 kN/An?
i} EL-18.{im
Pl a05x{180xDI5+180x185+90x034+50x25+ 110 x 1.85+ 11.0 x 3.15
+110x 315+ 110 % 745+ 11,0 x 0.3 + 10.0)
= 122 kN/m?
Pe7=100x 182
= 182 kN/m?
i) EL-34.30m
PslD=D5x{ 180015+ 180x 185 + 90 x 03+ 50x25+ 11.0x% 1.85 + 11.0 x 3.15
+110x 315+ 11.0x 745 + 11003 + 11.0x 163 + 10.0)
=211 kN/m?
Pwll = 1000 x 345
= 345 kEN/m?®

(31 Earth pressure of passive side
Ppl = 72.2 kN/m?®

Pp2 = 928 kN’

Refer, Passive earth pressure at section 5-3-1 step 9.

8-1-6 Loading diagram
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9-1-0 Loading diagram
Suppondend ae10. [ ke %
[ .
i A Lt il lans o= [ Bl b
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1 b =
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] S| EE oww e 100
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Fs 3 2 = vt 40 ki
=l = o=
HE oH Sl pwennmw
a4 Fu 2 ] il
:ﬂjFIFI:"l-I"E-’I-Il §
= _IH ] ol -4 06 =k
m—— —= | 7 E wa' v [ el
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2
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9-2 SECTION FORCE

£, 706

Wik Bl
112 345
-0155 404

-TIR511
570, 5%
443 1
I-Ri'l.ll]
II-EIE.ITI

134. 521
-&1. 387

" (—

Bending moment diageam
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Displacement diagram
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-3 CHECK ON 5TRESS
Y-3-1 Arrangement of reinforcement bar
1000

——i] !
= i BNt
' | i
— =1 e =
2|2 RS =l = B
= o iSAstE | = g
e e |
Lag | e ey E
9-3-2 Resisting moment
Specification of reinforced concrete
*  Concrete grade ek = 24 Njimm® (in slurry)
aca =  Mimm?
*  Reinforcement har prade SD2osA B
asa = 160 Mimm?
* Minimum piteh of re-bars 150

*  Minimum amount of re-hars 0002 bd = 0002 x 133 x 100 =266 em®
(As = D25 @ 150 )
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9.3-3 Bending moment

{1) Calculation results of resisting moment

B O IR E— A Permanand EEEJ'-'?TEn;g -111r:-'.al-€1-*...1 Ao i i'F"“%'
O A T E-ﬁ-if{"? indMre | = ﬁrﬁ{ (outiidr | BECLSHH
inSgele i
Depth f fesition | Ban .;:ﬁhrnqﬁmmf (W - (s rqmmlf’ (kM)
D25@ 150 15| in
GL- 0.00 BE2.76 GG2.76 Q.00

D25@150 1EE | out

D2s@150 1B | in
GL- 8.600(U) £44.79 844,70 316.05
D25@ 50 1F% | out

292150 1.5 | in
GL— 3.60L) 330,20 gd3.14 316.05
D25@150 1B | out

D29a150 1.5F2| in
GL=-13.96(U) 1433.45 Q424G 21303 -
D252150 158 | out

D32@150 28| in
GL-13.96(L) 207244 207244 313.03
D32@150 257 | out

D32@150 28| in
GL-23.40(U) 2246.35 2246.35 859.95
D32@150 255 | out

DRo@1 50 1.5FF in
GL=23.4000) 1610.83 114236 a159.95
D25Ei50 1BF | out

D20@150 1.58) in
GL-29.900L) - 1730.27 1269.16 1095.83
D25@150 1E¥ | out

D25&150 1E% | in
GL-20.90(L) 1266.93 1266.93 1095.83
D25@150 1EF | out

D25&150 1EE | in
GL-36.50 167515 167515 1341.38
D25&150 1E% | out =

s
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TR o
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W, 2y Nl 0. (K 316. 050 16, 050 16, 050
wiEE | di fast 1330 33.782 i.330 33,782 1,330 42479 1330 33792
; {m) {am?) [ 4, GET-025% 3 { B, RET-D25 ) { O e [ b, G67-D25
3 |d2 jas? 130 33782 0130 39782 L7230 20410 ] 0.230 20411
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Meomant™ cal ccclation
WERT— A FOHE Em‘-m;fiﬁ,

—AeeNERLL O R B R TE kit
B4 kM Tl GL-23, 40L {in} GL-23. 400 fout) GL-29. 900 (in) EJE 2. gw:gﬁzg
BEETE Bl H) 1. 000 1. 460 1. 000 1. 460 1. 000 1. 460 1.0 1,460 |
m B2 H 0.000 0000 0.000 0000 0.000 000 2 000 5,000
Moenlion B3 H3 —_ .00 —_— 0| — 0, 00 — . 000D
HLET A hME KN 1610, 830 D142 358 1730. 267 1269, 164 |
e h MR 859, 850 (59 950 1009, 230 mﬂe:%g;

& | di fas 1,330 42, 829 1,330 33, 782 1. 330 42, 124 . 330 1. 782

%'“ im (emd) | { 6667079 ) { 6. 667-D25 ) { 6. GGI-D20 Y {  6.667-025)

g |dz s .23 21.471 0. 230 21,411 L9020 414 0230 20410 |

¥ fmi Com?) (  3.133-D28 ) ( 3.3N-029) { 333029 (3 333-D20 ]]

3 .

& | d3 /had 0. 130 11. 787 0. 130 42, 829 0. 120 33. 782 0. 130 2. 879

(m} [cm?) i E. G67-025 ) [ G GET-DES 3 [ 6. G67-D25 3 L& BET-DRO :?
Tetal | &8t emp ag. 027 a4 027 04 027 ag. 027
T Sligst P
e e, 64 ¢ 8.0 BT g 5.9 ¢ 5.0 EE £
W2 o5 osa 160.0 € 160.0 1600 < 180.0 160.0 ¢ 160.0 160.0 = mgﬁg
Al AE
n'hff#ﬁf" T . 451 0. 4300 0, 5241 0, 4590
IR PTY s iy D
YEVRGLET Y - s n= 1500 n= 1540 no= 1500
i'”[,m]miﬁl' {;iﬂmiaiﬁﬂ
MEHLE— 2 = DR Rechigpuday.

A—AESHON g 30 )| M [SE R ]
a4 }-JLT.EI.?\ BL=22. 9aL {in, out) EL~36. 5 [in, aut)

MRE TR B1OHI . 000 1. 460 1. 000 1. 460

) B! H2 0.0 0000 0000 O.000
Duretiion B H3 — 0. 00D — 0,000
Ehi £ kN -m [ 266, 331 1391 360

el i 4

LN 109€. B30 1341, 360

ﬁ@ﬁ | d1 fas 1. 310 3302 [.330 33782
g I () em?) | (B GGT-DP5 3 {6 G667-D25 )

2 |2 s 0. 130 13. 782 0. 130 33. 782
bog o [fdiend) | (6667005 ) {  6.667-D25 }

E I —
[ Tetd ! it on? b7 564 E7. 564

A 55 bcal 60 < B0 65 < B0
NSem? o5 o=za 1404 = 160,08 6.0 = 1600

e e 0. 4766 0. 5037

L —
kR t“ﬂ"&f no=o 1500

no= [h00
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(2) Check an bending stress

|”|I-m‘d.'|tj- -:aiﬁmﬂ-zﬁm‘)

BTG HEDETR
7 RectangudiL.
i
ezt g [ R )] M 2[E 0 W) W I[E Bl W A[E 8]
oA b +,-E;?\ GL-B. 96 GL-15. 07 -19. 90 =74 5|
Mgt BNl 1,000 1. 460 LooC 1460 1. 000 1. 460 1.000 1,460
[ B? H? g.oop 0000 oooac oo 0.000 0000 o000 0000
B menter B3 H3 (r. 000 ——— 1} IZIIIIIZI _— 0. DoD -_— a0 !
EH M KHem 745, 540 480, 200 1927, §30 1177, 250
Fw_, M kN 566, (50 553, 020 731,330 | 400, 740
minE | d1 s 1330 42,029 1,330 52 949 1,330 52 948 1.3 42810
im}fca®y | ¢ G.GG7-029 ) {6 667-D32 ) {  B.G67-DI2 ) (B GET-020 )
'E a2 fAs? 1,230 21411 1,030 52549 1,230 52449 1,230 21411
mlen® | {  3.333-D29 ) (6 G667-D32 ) {  6.667-D32) { 3.3334029 )
% d3 fAst | 0,130 9. 767 0,230 52 948 0,230 52049 0130 33,782
Folmen] € 667025 ) {6 667-072) {  G.657-032) {6 667025 )
3 S = 0130 52949 0,130 52 B4l
in) {cm2) it b, {  G.667-D31 } { B G6I-D3Z ) =1 o,
Teind | & o2 o8, 072 | 211, 196 211,796 | o 022
R e e o 30¢ 8O sec 8.0 11< 80
Nimmi s osa 6.2 < 160.0 2.4 ¢ 160.0 197.6 < 160.0 983 < 1600
AR ;' 0. 4390 0. 5601 0. 5157 0. 5560
““’%ﬁt{l‘.ﬂj no= 1500 no= 1500 n = 1500 e [
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9-3-4 Sheaning force
{1} Calculation of resisling shearing force
) The allowable shearing force that it can be borne only with conerete
The allowable shearing foree that it can be borme only with concrete is calculated with 1he
following formula.
Ser=1ath-d
where, T @ Allowable shearing stress of concrete
[ =039 Nfmim®, Mek = 24 Nimm® (in slurey))
b : Unit width { = 100 cm )
d : Effective depth { = 133 cm )
Scr=(0.39x 100 ) x 100 x 133
= 518,700 N
=3187T kN
b) The allowable shearing force in consideration of stirrup
The allowable shearing force in consideration of stirrup is calenlated with the following
formula,
Sr=35h + 5c
Sh=o=sa-d-As/({1.15-a)
where,  osa : Allowable tensile stress of conerele { = 160 N/mm?, SD2954,B)
d : Effective depth { = 133 cm
As : Section area of stirup (cm®f m)

i : Pitch of stirrup { cm )

Sc=1/2-1tahd=1;2"%cr
=519/ 2 =259 kN

Therefor,
[ Diameterof | Sh | Sc Sr = Sh + Sc
sl (k) (kR (kM)
D13 60 | 259 570
DIG | 408 | 259 668
D19 589 259 848
| Dz | 795 | 259 1,055
40105

D'if?i'f; e - asa d g (EIIJJ:.
D13 | 4323 | @ino 160 133 30,0 260
DI6 | 6619 | @300 160 133 0.0 408

D19 9549 | @300 160 133 0.0 580

D22 12902 | @300 160 133 0.0 706 -




{2} Calculation resulls of resisting shearing force
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Comparison of Temporary YWall

Fump well part of Intermediate Wastewater Pumping Station s 24.20m at width,
29 80m at length and 17.80m to 20.80m at depth,
FPump well is decp structure,

Sotl condition s shoan below,

Layer Ell_'vuli._::ln of layer Linit weight | C(ﬁ.fmjj ™
ey = Upper Lower ('m3)
Ol{Organic clay) |+ 1,40 210 | 140 060
SC(Claver sand) -2 10 EEAT 2.00 G | 5
Sh{Silty sand) - 710 - 40380 2,00 | =130 B~ 28
CHIC 1) _ - ¢l [h, e 2.00 .00 d44d - 51

In comparizon of temporary wall for deep structure, some fetors should be take inle
cansideration.

{a} High rigidity 15 required for temporary wall, because big carth pressure and water
pressure allect Lo temporary wall,

(b} Temporary wall should have reliahility for constroction and many results,

() Temporary wall should have high reliabilily for watertight,

(d} Comstruetion of temporary wall do not cause any influence on surrounding
inhabitant, such a5 noise and vibration.

From above factors, 3 temporary wall methods are seleeted,
(2} Sheet Pile Methaod

{h) Soil Mixing wall method

() Duaphragm Wall Method

From the result of comparizon, sheel pile method was exeluded because of the reasons
shown helow,

* Rigidity of sheet pile 15 the lowest one in comparizon with other 2 methods,

= 5o soil improvement under the base slab is necessary to prevent a occurrence of
strong stress for sheet pile.

= L 15 necessary to construct a permanent wall, heeruse sheet pile is only use lor
temporary wall.

* The cost is most expensive compared with other 2 methods,

Soil mixing wall method is alse more expensive than diaphragm wall method.

Because so1l mixing wall iz -;:lni} use for lemporary wall and it 18 necessary o construct
A permanent wall.

Diaphragm wall method has most high rigdity and soil improvement is not necessary.

[1 15 nol necessary Lo construct a permanent wall because diaphragm wall can use for
permanent wall.
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The cost of diephragm wall 15 most coonemic.
From above reasons, diaphragm wall method was sclected for temporary wall method
of [ntermediate Wastewater Pumping Station.
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