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I, INTRODUCTION
In this paper, the design calculation of cofferdam for the intermediate sewsge pumping station is

rade,

The cofferdam of the inlermediale sewage pumping stalion will be constructed by diaphiagm
wall melhod, This colferdam constructed by diaphragm wall is used as permanem wall of the
infermediale sewage pumping station,

Caleulation of diaphragm wall vses an Elasto-plastic analysis method,
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2, DESIGN CONDITION
2-1 DESIGN CODES
(1) Structure design index (1998)
Tapan Sewape Works Agency.,
(2} Temporary structure index for carth works of road (1990),
Tapan Road Association.
(3) Speeificalion for Highway Bridges: Pan 4 (1990).
Japan Road Association.
{4} Standard Specification for Design and Construction of Tunncling: Open cul methad, {1996).
Tapan Sociely of Civil Engineering.
(5) Standard Specification for Design and Construction ef Concrete Struclures: (1996).

Japan Socicty of Civil Engineering.




2.2 DESIGH PARAMETERS
2-2-1  Stroctural Parameters
(13 Concrele

Slow the allowable siress of concrele in sluery in the following Luble.

a) Temporary slncture

{Himm*)
Concrele Strength . 3 k1l K 10
Concrele Strength in the waler o 24 7 30
Compressive | For bending moment S 120 135 15.0
Slress For axial force 100 § N 12.5
Shearing | When a diag:-nn:ll re-bar iy used. Tl 0.5% | 0,63 | D68
HITEsS When a diagonal re-bar is not used, | a2 253 | 270 | 285
= Bond stress of re-har 130 | 195 | 2.0

b} Permanent structure

(M)
- Concrete Strengzth p— 30 a5 an
Concrete Steengih in the water 24 27 30
Compressive | For hending moment : B0 0.0 10.0
siress | For axial force TR 1 T6s | 75 | 8s
Shearing When a diagonal re-har is used. 1al 039 | 042 | 045
slress (When a dinponal re-bar is not used. | a2 170 | 130 | 1.%)
[ Bond stress of re-bar .20 | 1.30 1.40)
¢} When the femporary structure is used as (he permanent structure.
{Mimm?®)
Concrete Strength . i ! 30 | 35 | a0
Cuncrele Strengtl in the water 24 27 30
"Ci:mprcs.siw: For bending rmoment - 10,0 | 1LD | 125
slTess For axial force 8.0 9.4 10.5
Shearing When a diagonal re-bar is used., Tal .49 {I._Sg ﬁ-iﬁ
stress When a diagonal re-har is nol used.| a2 213 [ 225 | 238
Bond stress of re-har _ 150 | 163 | 175




(2} Eeinforcement

Show the allowable tension stress of reinforcement in the following 1ahle.

(M)
Twpe of reinforcement SD2usa B SD345
Design yield strenpgth of reinforcement fv 450 500
Temporary struciure I T 300
Inih When the Temporary struciire 225 250
e lemparary B -
i 53
sy | siruclore is wsed Permanent u.nf 160 160
as the permanent ]
struciure inieane S!Ju:r: 270 a0
{3) Stee]
Show the allowalle stress of steel in the following fable,
) - (M/mm?) -
Type of stecl B5400 EM4m0
Allowable tension siress 210 2ED
1/r =18 210 Lir= 16 ZH0
1B<l/r= 02 I6<lir=s 79

Allowable compressive

10— 082 {1 - 18) x1.0

185 -1.2{1/r - 16) x1.5

Compression

SITES5 side

ki B2 =1fr To<lir
e 1200000 1200000
6,700 + {170y 5000 4 {1717
I :Buckling lengili {1mm) [ :Buckling length {mm})
it 1 :Radins of gyration {mm) rEadivs of rvration (mm)
Tension side 210 2ED
1/b = 45 210 i1 = 40 260 L
Allowahle 45=<1fc =30 <1/ = 30
Bending 10 =24 {1/ b =43 x1.5 IB5-38{0/b-40)1x15

|+ Fixed distance of flange

I : Fixed distance of flinge

{mm) [}
_____ 1 -Width of [lanpe (mm) - r :Width of flange (mm)
| Allowable shearing, siress 124] 160
Allowable bearing siress 115 421




(4} Sheet pile

Shivw the allowable stress of sheet pile in the following 1able,

Type of sieel 5205
Hase- Allowable lensile siress 270
metal .
parl Allowable compressive stress 270
Tensile siress 240
Factory | Bunl Compressive 340
welding | welding strcss
Shearing
Welding stress 130
[EHT i
Tensile stress 216
Site Bun f_‘nniprcssjw: : 1
welding [ welding slpesy 214
Shearing '
slress 120

{Mimm*)

222 Ground Surface Leve)

The following original ground surface level is applied.

EL+2.00m

2-2-3  Grrouwnd Waler Lewvel

The [ollowing original ground water level is applied.
EL4+0.20m




2-2-4  Cieolechnical Parameters

A summary of the peclechnical parameters used for the structural analysis, is given in

following table.

Table Geolechnical design parameters

Laver Level Depth T = 7 2 S ]
= {rm) (kMim'y | value | pdey | (KMN/m™) | (KN/mY)
| EL+2.00m THiA
Made ground (GL) ~ 2.10 (,5 bj 3 3 1.0 840
EL —{1.10m 2
EL —{I.1{tm 140 N
Soft clay o 2.00 ' 1 ] 6.0 FLLE
EL—2.10m (5.0
EL—-2.1(m 20.0
Soft clay — 5.00 Il-I]' ] 24 2210 3,500
EL - 7.10m LY
Medium Stifclay | “-I10 L w0 | o L | Lo | i
{15t Clay) EL — 180 : {1110 : '
: EL-158.0m :
Silty sand e 200
(15t Sand) s 2280 | gy | W] R 2010 14,000
. EL - 40.Em
Very shill clay R 2000
(1t Clay) arg | 8|0 0.0 | 23,600

Legend:

Yy o Bulk unit weight

" ... Effective internal friction angle

C, ... Shear strength

E’, ... Drained Young's modulus for loading/reloading
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23 LOAD CATEGORIES AND COMBINATION
A load takes the following into consideralion.
The ealegories with respective nomenclature are given as follows;
{1y W .. dead load
(2} ... live load
(3) P, .. waler pressure
{4} P .. carth pressure
(5} T...other loads
Each load category can be divided into sub-groups thal cover all expeeted aclions and analysis
purposcs, Herewilh, each load categary is designated by a letter it represeats the load calegory
nsell and an index nuember that assign it 1o 2 specific sub-group or analysis purpose, Generally,

loads that occur together can group, prioT o the actual analysis.

231 Dead load (W)
Self Weight {W,)

The volume used in calculating sclf-weights is based on the nominal dimensions of the

sireciure,
W =y-V
In calculating the dead load due 1o self-weight, the following unit weight { v ) is applied.
* Reinforced concrele 25.0 kM/fm?*
* Mass concrete 2343 kM/m*
* Back fill concrete 24.0 kN/m?
* Steel 78.5 klN/m?

2-3-2  Live load (0)
A uniform traffic surcharge of 10 kN/m® is applied.

2-3-3  Water pressure load (P}
Water pressure load is calcolated as follows,
Po=y."Z,
Where:
¥, - init weight of waler (=10,0 kMN/m?*)

T, o depil below weater table for the load case considered

4-1-14




2-3-1  Earth pressure (P)
(11 Sail Overburden (Py)
The lead due 1o weight of soil overburden in drained condition is calculmed as follows,
Sand laver
Py =y, 2, +7"' 2,
Clay laver
Py =y,-2,
wlizre:
Ty - Bulk unit weight of soil (given in section 2-2-4)
¥ ... buoyani unit weight { =y, =7, )
Yoo o il weight of water (=100 kN/m®)
z ... depth from surfacc

... depth from surface to waler table

oo depth below waler table

(2) Lateral Earth Pressore (Py)
it} Static earth pressire
Static earth pressure is ealculated mulliplying the soil overburden by the respective
coefficient of lateral pressure (k) given in the following.
®  Sand layer
k.. =1-=ind

where, & : Effective internal friction angle

®  Clay layer

M- ml.u:e: k..
M= R 0.5
4=N«i 0.6
2= Nzd4 | 0.7
Nez | 0.3
The static carth presswre load, f."JL,-,. 15 culculaled as follows,
By = |:P1.r "'{III' o

where, gz live Ioad
b} Aclive earth pressore
Active earth pressure is caleulated multiplying the sail overburden by the respective
coellicient of lateral pressere (k) given in the following.
®  Sand layer
k., = lan® {45 — 2}
Wf:cm. ¢ : Effective internal friction angle

4-1-15




& Clay layer

Shallower then (he Deeper than the
M = value excavate depth k| excavate depih
Formula Minimum | ks
~ NF38 0.5-0.01H 0.3 0,5
4=2N<8 | 06-D0IH {L.4 0.6
& HN<d 0.7 - L025H 0.5 0.7
N<2  |o03-0025H| 06 0.4
The active earth pressure load, Py, is caleulated as follows.

Sand
Py =|[P'..' +"-'|:|'|'-'~m ‘E'C'wfrk;m

where, Py : Yertical presswre,
q & Live Joad.
Clay
Shallower than the excavale depth
Fy = |:Pw + f-'j}‘ K o
Deeper than the excavale depth
Py = {P\r; ""-[:I'I'imj +Py: k.
where, Py, : Vertical pressure of the shallower than the excavale depth.
Py; : Wertical pressure of the deeper Lhan the excavale depth.
¢} Passive earlh pressure
Passive earth pressure is calculated multiplying the soil overburden by the respective
cocificient of lateral pressure (k. ) given in the following,
®  Sand and clay laver

cos” i

[1 _\{sin[¢+ &) sin ¢,'r

II|I
COs 0

where, d: Effective internal friction angle

& : Frictional angle wilh the colferdam and the seil {=&/3)
The active earth pressure load, Py, 05 calcolated as follows.

Sand and clay layer

P, = |:P1|r +f|:|‘]-:w +2-c JE

4-1-1a




2-3-5  Oher loads (T
(1) Effect of Temperalore {T,)
T, = 150.0 kN/m'
{2) Wertical load on strut {T3)

Yerlical loads on sinn are the self-weight of strut and 5.0 kN/m®.
(3} Buckling control load (T,)

Verticul advantage force is 2% of axial force of st

4-1-17
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4. STUDY ON LENGTH OF WALL "

4-1 STUDY ON PENETRATION LENGTH BY EARTH PRESSURE BALANCE

A-1-1 Ground condition

q=10. 00
e . D = Y v’ i1 Cao Soel
G Rt e e TR 9.0 . 300 0.0 2
i | = . Sla TS TR0 ] 00 B ;
o Sz o S S| WO MO0 B0 O B
E 2 g]‘f"‘:l EC: 3 e e s e V0
ol Bl S = [ a
ﬁ:j ::-; 4 S ; 20.0 1.0 2.0 0.0 &
e
o =
L e o m—— ?j,:‘h__L _
F Cavd ed 20.0 1.0 320 b B
Oloes o, ; -
S 20.0 1.0 D0 T0. 4 £
R
o P ey S Wu o
~ a i ’:'b. B -,.jJJ-."'!" -'.IIE} "rl}"-" L,b \.-tb l‘“‘fﬁ
3:’311 P_m,f_,_*.l_-.-‘..: _!FL- o b? L I:P i r;i'_:
ol Bivale, gt o Licion i
FEE AR | RRESR | BHES | MEEh | BRiEsg
Ko h A5 | ME ¥t ¥ P eo &
m KN/ kN/m* fi kM/m? kN/m?
1| 230 |®%| 20| 180 | 940 0.0 0.0 0.0
2l Zo0|#E| 1ol 140 | 50 0.0 B. 0 0.0
3 A00 | BMEE | 5.0 oo 1 2.0 220 00
41 10.80 F.!Pg 0.0 20.0 11. 10 Zr. 0 20.0 0.0
H| 22.B0 | Bk Z0. 0 0.0 1.1 2.0 0.0 0.0
G| 7.80|%hE|48.0| 20.0 1.0 0.0 0.4 0.0
Thick nere
ﬂ-a Eﬂdi'.r'
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4-1-2 Strul position

_
o | HEIES | ol rih eof e
Ll B e
1 1. 50
7 4 5
3 750
4 5. 80
5 11. &l
B | 1470
T 1 16 40
9 | is80 |
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4-1-3 The calcolation of the requirement penetration length

(1) Before [inal excavalion
The required penetration length decided from a balance of moment by (he soil pressore of

bottom from the strut. The ground water pressuee is assumed 2ero at the tp ol wall.

The pressure that acled on the wall was caleulated with the formula of the seclion 2-3-4.

Excavation level of this case is GL — 19.6 m. _F'[?:\JJ
17 Active side “f:;vf( il
Active earth pressure ﬂf’ﬂ‘ }‘-.l ‘J_» ‘4?

pa=Ka If.E//H/+q%EE\"_/K/E3J Ka=tan? {({6—¢ .7 2)

¥z |[EE | vy 4 B e PR d
Mol & | Thom | tbﬁ kM/m? Yim | Ka Nim?
1 ooo| veo| 10 |30 oo .00 | 0.33133] am
1.4D 0.0 44. 20 1473
P2l 190 40| 90 |[3m0] D00 44.20 | 0.33333| 1473
7. 30 0. 0 47, 8D 15, 93
3| 230| zoo| 50 | 00| 6@ 47.80 | 1.00000 | 3580
-G A0 . 0 57. 80 45. BD
4 430 500 11.0 |24.0| 220 57.80 | 0.421731 0.0
X 20| 11280 10, 00
5| 930 710 1.0 [27.0] 0| 11280 | 097552 | 17.88
16. 40 20.0 | 190,90 4718
6| 16.40| 320 1.0 20| 20.0] 190.90 | 037552 | 47 18
| | 1960 2.0 | 22610 B0, 39
T 1960 0.60| 11.0 |20.0| 20.0| 27610 | 037552 ] 0. 39
70. 2D 00| 73770 62 87
8 20.20| 439 1.0 [320| 20.0| 23270 | 0.30776 | 4933
74. 59 20.0 | 220,99 64. 16
' s a0 A T
- '\'\EI"' At f"-“'
hMoment by active gquth pressure ¥ I By J).'}}‘_ T
ﬂ:&#ﬂ{ j‘-?c:t}:_- wy% "L 4}""Fb
o | BEZ | BE | pa | kEhH |[FsE|EL
GL-m| hmn kN/m? Fak ¥om Ma kN +m |
6| 16.40| 3.20 47. 16 75.48 0  1.07 RO 51
19 60 60.30 | 95.63| 213 206, 15
7| 1960 os0| 60.38| 1812| 340 B1. 60
20. 20 62, 87 18.86 | 360 67, 90
al 2020 4.30| 49.33| 10827| 5.2 560, a7
54,54 BA.16 | 140.84 | G673 g47. 29
] 454, 20 | 183342
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Moment by watcr ]_}mggy/'/ U ] )
e Pl

o |Zxz] BmT| ow | kEA [7am[elsr
GL-m| hm ENSm? Fu kN ¥om hiw kN = m
1| 1640 3. 20| 145.00 23200 1.07 4747
19. 60 177. 00 283 20 2.13 604. 16
2| 19.60 | 4.99| 1771.00 441. 62 4. B6 2147, T2
74, 50 0. 00 0. np 6.53 | 0. 00
; [

¥ 856, 87 | 2999. 35

Total horizontal pressure Pa=1415kN
Total myoment Ma = 1933 + 2999 = 4932 kN m
{ %
2) Passive pressure e
Passive pressure o 1':}"
BN
pp= {f:’:‘fh};ﬁii e (Kpl . Kp=tan® (4544, 2}
[, = z J'Elﬁ
Y v h
Ha 'E:L_ -m 3 hom | kN/m?* é kH..'Fm* 1"rlcr'.l.-:|:r;:"'::I - K k?.[..em'
T)o1a60 | 080 | 1.0 |20l 200 0.00 | 266704 5,
20. 20 50,0 ol il
81 20,20 4.39| 11.0 |32o0)| =20.0 6. G0 3. 75459 .

24, 59 | 0.0 54, BO Egg g? i

e : ﬁ}ﬁiﬁ A H‘E,‘;b E;)f*-n'ﬁ W
ﬁuﬂj'\ } h;frp . __w 1:‘_".'}
Maoment by passive nartﬁﬁsum ;EP '}.g(d/l ;5} ik :jf);':‘-t'

o | FEL) B | e | BTR [TE R
B8 0] 88 B 18] &3
flagl o] au| mul wa | m
E | 80050 | 90T
Taotal horizontal pressure Pp = 00 kM
Tixtal moment Mp =491 EN m
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Show a load fgure in the following.

a- 'l_alga -\.-E
= VBT - =2
3150 —=ts
. 45. EQ ]
f =]
= IIIII E
2 | i? 0o i
& = {1785 i
b i |_:_.
<
;B
o m— s W TET- 00 2f
o M| s, : Tt
EL TE J— ] R S ). B ) =
ey o ] -
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3) Balance of moment
Mp /b = 3941 4932 = 1.0 OK!

Balanced depih (Z) is 4.99 m

Therefor,

Fenelration length D=Z2x12=599mP300m (GL-25.5%m)

4} Depth of virlual supponting poin
Y= & = L0
Pp
Where, L0 : Length between excavation level and strut

=1%6m-16dm=32m
i
L I
800

297Tm  (GL-22.57 m)
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{2} Final excavation

The pressure that acled on the wall is ealeulpied with the formuela of the seclion 2-3-.

Excavatian level of this case is GL — 20,8 m. i iy
X uﬁf Dﬁﬁ
g ﬁ’fﬁ i
1 Ve si 3 W g
) Active side WM 3 ‘{ﬁ ¥
Active eartli pressure e : ¢
pa=KarlT ',r/h/q }//Ec f/{a:u /Ra=mn= (45—~ 2)
A /8 PR T
mE | FBE W i - Eyvhd+yg pa
Mo | &5° -'fn hgm KMSm? i kw} kN/m? Ka kN,/m?
11 op| 1.%0| 18.0 [30.0] 0.0 10,00 | 0.33333 o
1. 30 0.a 44. 2 14.73
2 1o0| o040 9.0 [30.0 0.0 44.20 | 0.33333 | 14.73
2. 30 0. 0 47, 80 15. 63
3| 23| 2| 50| 00 6.0 47.80 | 1.00000 | 35 80
4. 30 6.0 57. 80 45, 40
4 4, 30 5.00 | 11.0 [24.0 220 5T. 80 0. 42173 0. 00
g, 30 2310 112 BO 19. 00
50 9.30| oa30| 1o |[2n0] 200 1280 | 037552 | 17.65
18. 60 20.0 21510 L
6| 18600 1.60| 11.0 (2.0 2000 215.10 | 0.37552 | 56. 76
20. 20 0.0 932, T0 62 87
T 20.20| 0.60) 1.0 |320| 20.0 732.70 | 03076 | 4913
20. 80 20.0 | 23030 51,35 |
ba| zoe0| 454 1.0 |3zo| meo| 2.0 | 030775 | 513
75. 34 | 7. 789. 74 6. 70
T \ _
}.-ﬁ\ ';F}‘ L ﬁﬁﬁj K}T m. J}I&. r
3 % N v

/
Morment hy)’l:l!:iw: carlll pressure
T L) e

/

/

o | B5z | BE | pa | kTh | 7o | T—not
GL-m|{ hm kN/m® Pa kN ¥om ba kN - m
6| 160 1.60| 56.26| 4501 0.5% | 2401
20 20 G2 87 &0.30 1. 07 51 65
7| sez0| eeo| 4ma3z| 1am] 1m 7. G4
21 Bi .35 | 1541 7.00 30, 81
a1 20.B0 4. 54 61. 3% 116. 57 37 432 3k
25, 34 GE. TO 151. 41 523 0. 3k
; .' 393. 50 1359 34
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Moment hyfrﬂtr prﬁsy{ / / /
Mo | BE 2 kEH [Fhag[E—xor |
Gl -m kl'l.l.-‘m FPw kN ¥ om Pw kN «m
1{ 18.E0 2. 20 167, 00 183. 70 | 134, 71
20. B0 18%. 00 207.90 1.47 a04. 92
20. B0 4. 54 189, 00 479.03 71 159313
25 34 (0. Q0 0.00 5. 23 (. 00
3 ; | B20.63 203276 |
Total horizoatal pressure Fa=12Z14 kN
Totul moment j}- Ma = 1359 + 2033 = 3392 kM m
Al
o
¥
2) Passive pressure \}R ‘;::'_.F \5!)\
Passive pressurs % ;l\\»

pp= (g+ vy h} E}A-ch (Ep)l . Kp=tan® {4544 23

'"“"".:'J BEE r W [ Evy h+ -
Wl Er e Mn | | @ e kjmt | Ke e
B 2080 d. 0 11.0 | 320 0.0 0. 00 3. 25450 TE 16
25, 34 20, 0 40, 94 234. 70

";'h“rj z l

fll p

@“ -?:’ng% o v A :ﬂ"‘r{
g /‘L'l-"& 3%}?’ PV

FPw m§€’$” L

Moment by pasgive earth p 'Irqmm:- Jf'( E‘h / '?fl.;}
i E f 7 . 7 i
Ijg | RSz | B EH | FLE B2
| GL, =m h m kl‘lil.-"m Fop kN ¥om Mp kN =m
| S
8| z0.80] 454 7218| wAM| 37 608, 27
l 5. 3 234. 70 53276 523 2764. 506

x G96. 0T 3382, 83
Tal honzomal pressure Pp =097 kN
Tatal momen Mp = 3393 kN m
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Show a load figure in the following.
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3} Balance of moment

Mp/Ma=23393/3392=1.0 #]4
Balanced depth (Z) is 4.54 m
Therefor,

Penetration fength D=Zx12=545mP300m (GL-26.25 m)

4) Depth of virtual supporting poini
Y= L Lo
Pp

Where, L0 : Lenpth between excavation level and strui
=8m-186m=22m

=267m (GL-23.47 m)
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4-2 5TUDY ON BOILING

Boiling is checked with the [ollowing formula,

2y Ld
'.IIW-IIW

Fs =

whiere,

Ty - Enlk unit weighl of soil {given in section 2-2-4)

¥ - buoyant unit weight { =y, - v,, = HL.OkN/m" )
Vu - umit weighl of water (= 10,0 kN/m")

Ld ... penetration length (assumed = 11.34 m)

b, .. depth below water table (= 18,9 m)

Rxlﬂxll.j-'-_*r_
L= [E.90

=12 P Fsa=12 OE!

Fr =

A
[ =
h

W

Wy i
1.I- l Ld

4-3 STULDYY ON PENETRATION LENGTI BY ELASTO-PLASTIC ANALISYS
Peneteation Lenglh by Elasto-plastic analvsis adopts the value that 1he rate of elastic region

of the part penetration is more than 50%.

D'W lengih Rate af elastic region
{m}) {*a)
32.5 42,49 NG
335 45,12 MG
345 47.56 NG
355 4992 M
36.5 52.20 OK
4-4 SUMMARY OF PENETRATION LEMNGTH
Cree ' Excavation Penelration Lengil of wall
¥ | Depth {m} Diepth (m) {m)
| f
, g 19,60 5.99 256
Penelration length by excavalion o
carlh pressure balance Finnl. .80 545 26.3
_ l excavation
Check on boiling 20.80 11.34 321
Penelration Length h} Elasto-plastic 20,80 15.70 465
analysis |

Therefore, Diaphragm wall length is 36.5 m.
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3. STUDY OM DIAFHRAGM WALL IN THE TEMPORARY CONDITION

Diaphragm wall in the temparary condition is calculated with an Elasto-plastic analysis method.

5-1 INFUTDATA
5-1-1 Specifications of diaphragm wall
(1} Lenpth L=23%5m
(2) Moment of ingertia [=0.1556 m'
[=1/12xbaxd*x 06
=1/12x 1.00 % 146" x 0.6

Lliedee e 84

= L1556 m’
l._'”_”.“ o
o5
HE i’ . 3B
? 1 i ‘i
= ,_,_h,_,.l_ |_ e —Q
{3} Elastic modulus E = 25 000,00 kM/m®
(4] Calculation step =13

5-1-2 Spring constant of str
{1} Strut

Spring constanl of strut is caloulated with the following formula,

o dvaaBak o
[. 1
where,

s coellicient {=0.5)
E : Elaslic modolus of strul { = 2.1 x 10F kKM/m* )

A Sechon ared of simt

: Type Area (m)
H - 300 x 300 x 10} x 15 001184
M- 350x350% 12% 19 0.01719
 H-ANMIx 400 13x 21 0.01720)

=

: Length of strul
Mol -Maf =5 L=2060m
Wo7-MNoK = L=24.0m

b : Hortzontal interval of strul { = 5.0 m)
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= |

Strul Type 'Fnd;ﬁ? SpriFngT;; aant
No.l | H—300x300% 10x 15 0.01184 16,800
M2 H=300x3Mx10x15 001184 16 800
No3 |2 H-300%300x10x15 0.02368 33,600
Nod | H—300x300% 10x 15 001184 16,800
No5 |2 H-300x300%10%15 0.02368 w0
No6& |2 H—300% 300 x 10 x 15 (LO2368 33,600
(No7 |2 H-300x300x10% 15 0.02368 41,440
Mo | H-300x300x 10% 15 0.01184 20.720

(2) Slab

Spring constant of slab is ealeulated with the following formula.

2E-A 1

where,

L-0+¢.) belloe,)

B

E | Elaglic modulus of concrete [ = 2.5 x 107 kN/m? )
A Bection aren of slab

Type Arca (m') |
Middle Slab (.30
Base 5lab 1.20 i

L : Length of slab { = 29,6 m)

b : Horizental interval of strut { = 1.0 m)

$. : Creep coefficient of concrete { = 1.7)

£, : Drying shrinkage strain of concrete { = 180 x 107
[} : Cocflicient of opening (= { L1-L2}/L1)
L1 : Internal width {m)
L2 - Opening width {m)

Mliddle slaks
2x25%10" % 0,3

m

= 119527 kM/m
Gase slah

2u25x|0 =12

Type L1 L2 |
Middle Slah 24.0 11.55 0518
_ Base Slah 24.0 0oo | 100
1
= 0,519

296x(1412)  Lix(l-180x10°)

]

= Q21210 kM/m

— K -
296x(1+1.2) " 10xf-180% 107
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3-1-3 Coeflicient of horizontal subgrade reaction

Coefficienl of horizontal subgrade reaction is caleulated with the following formula,

03 0.3
where,
E; : Modulus of deformation of ground (kN/m?
E : Loading width { = 10,0 m )
o | Coeflicient { = 4)
LAyt (mEﬂn!) = (E) I[F:]'-i;lh.-:l;f‘}
Made ground B40 4 10.0 BOY
OH layer 700 a 10.0 673
 SClayer 3,50 4 100 3,163
SM{u) layer 7,000 4 110 6,728
SM(I) layer 14,000 4 1.0 13,456
CH laver 33,606 4 | 10.0 32,294
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3-3 CALCULATION RESULTS
3-3-1 Figures of maximom section force

1} Excavation level

b} Loading

) Displacemen

d) Bending moment

) Shearing force

[} Step
Stepl 1™ excavalion
Step 2 2™ excavation
Step3 3™ excavation
Stepa 4" excavation
Step5 5" excavation
Step 6™ excavation
Step 7T T excavation
Siepd 8" excavation
Step9 9% excavation (final excavation)
Step 10 Base slab construction
Step 11 2 middle slab construction
Step 12 1" middle slab construclion

Slep 13 Top slab construclion
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5-3-2 Tables of maximum section force

(1} Svmmary of maximom section force
a}  Displacement
b) Bending moment (maximum, minimum)
o) Shearing force

(2) Summary of suppor reaction
ay  Sirut
b} Slab

d-1-6l
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3.4 CHECK OON 5TRESS

a-d-1 Arranpgement of reinforcement bar

1500

= =

(ar) 1
.

o

(= =

L [ ] 4

[ 3 L] =T

i L] —

— ™

5-4-2 Resisting moment
Specification of reinforced conerete

*  Concrele grade

*  Reinforcement har grade

*  Minimum pitch of re-bars

Minimum amount of re-bars

13

ek = 24 Nimm® {in slurry)
aca = 10 N/mm?
SDX05A R
5a = 125 N/mm?
i 1 50
(002 bd = 0,002 x 133 % 100

4-1-66

= 26.6 cm®




5-41-3 Bending maomvent

(1) Calenlation results of resisting moment

Aid-force

R DERE— A Bending moment by ol Weigh b
't e BN i b e b Y
B B N Mr | BE M UM | BRI S0
bepth Aosition. | By Avrangewien (- ) (M- ) ()
D25 150 1E% | in
GL- 0.00 032,01 432 01 0.00
D25@150 15% | out
D258150 1B | in
GL- 8.60(U} 111521 111521 316.05
0258150 1E% | out
D20@150 158 | in
GL~ B.60(L) 1802.34 111273 316.05
D25@150 15 | cut
D29a 150 15E%| in
GL-13.96{L) I 506 8D 1224.36 51303
D25@150 1EF | out
D32a150 2E% | in
GL-13.96(0L) 2a0g.48 280845 513.03
0328150 2E% | out
D32@150 2E% | in
GL-23.400U) 208423 293423 B5D.05
DI2@150 2E% | out
! D29@150 1.5E% | in
GL-23.400(L) 2087.39 1424 55 £59.95
D251 50 1E¥ | auk
0298150 158 | in
GL-29.90(L) 2209.40 1547.00 100883
0258150 1E% | out
D25@150 1E% | in
GL-29.90{L) 154870 546,70 1098.83
D25@150 1E% | out
D25@150 1E% | in
GL-36.50 1675.15 1675.15 1341.38
L25E150 1B% | out
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WIEHE—# -0

Bom et Calewlation

= 'Fat:l’qmju Ly

o Hmiher F . ; L 3 M o [ fié ]
4 ’?“*Q M. 1[ K6 fgE 1] M 2[5E Rz 1] Ma 3% fiz ]
gq' hE e GL-0. 30 %in, out) GL-8. 60U Cin, outd GL-8. GOL [m} AL=8. Bl ot
P . BN e
4 BI WD | 1000 1460 . 000 1. 460 1,000 1. 460 1. 000 1. 460
TR D W 0.000 00D LOo0 000 0.000 0000 0000 0000
Dimension B3 H2 (. 000 bt O o O L K i
otk i =
832, 008 1115, 206 B2 335 BI12. 734
!Eh{—:-'-!:rf m a . anb 116, 050 316. 050 3146. 050
M o T ; :
d1 fhsi 1,330 33,782 1.330  33.7E2 1,330 42 8 T O I 7
&Eﬁm Lrn}{-:r:E} { 6.667-DZ5 ) {  §.667-035 ) {6 667029 ) {  © 557035 )
Pariimgenent gy iac2 0. 190 33792 6130 3378t | L0 24t 0,230 2141
T o lenz) | b.667-DZ5 ) ( 6.667-025) | 3.333-D29 ) { 2333079 )
i — i oW 3378 L T L
%ﬁmﬁ} L ——— |t BEE-DS) | (G670 )
Tl iaa1 em? | §7. 564 £7. 564 o8, 072 | 86022
4.3 < 10.0 5.3 ¢ 10,0 7.0 ¢ 10.0 | 5D ¢ 100
T S L S T
TR ), 2064 3456 04213 0. 3325
'ﬁﬂhqmﬁ%l'n R n= 1500 no= 1500 no= 1500
: 1 Colelation
MIEAT — 4 2 FOHE  Reddowgular Mt Ca
roABENTI e 5[ 1Mo 6[E  B)| M T[E  m]lk BlE )
b N SN P LT GL=13. Hl {in} GL-13. Selaut) | GL-1E. 960 (im, out) GL-23. 40U in, out)
BT GBI M 000 1460 | 1. 000 L4E0 | 1000 1. 460 1,600 1. 460
(m} E? H2 0. DoG 1, G 0. G0 . 000 0, 000 . 000 {0, (a0 0. {00
Bimensies 6 B3 | ——— 0,000 GO00EE s S 0, 040
N s T 1908, 900 1224, 356 008, 402 084, 230
48 1 N KN 513,030 513, 000 513, 040 R54, 850
HaEnEr | gl Fhsd 1. 330 43879 1,330 33 T2 1,330 52,149 1. 330 52949
o |inﬂ[cn?] { 6 667-D30 ) | {6 667-DZ5 3 {6 BGI-D32 ) [ B GET-032 )
#m$ﬂm?ﬁﬂ L2300 2400 | 0.2 214N 1.8 52949 1230 52549
Uimd fen2) | 3.233-D29 ) } { 3333D29) | (6 667-D32) { 6 B67-D32 )
| d3 /Asd 0130 3782 | 0130 42879 | 0290 59 949 0.230 52040 |
il fem®y | 0 GEET-DES Y | ¢ G.GET-D29 ) (6 667-p37 ) (6 667-D32 )
i s . 0. 120 G2 B4d 0.130 52,949
) (em2} el e — — { 6 B6I-02 ) (6 667-032)
ohal, | &1F on2 9. 027 oE. 077 211, 798 711706
S Bt iz ke
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M et (Tem perary use)
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5-4-4 Shearing farce
(1) Calculation of resisting shearing force
a) The allowable shearing force that it can be borne anly with concrete
The allowable shearing force that it can be bomme only wilth concrele is calculated with the
following formula.
Scr=Ta‘bed
where, Ta: Allowable shearing stress of concrete
{ = 0.4% N/mm’, {ck = 24 N/mm?® (in slurry))
bz Unit width { = 100 cm )
d : Effective depth { = 133 cm )
Ser = (049 x 100 ) = 100 x 133
=631, 700 N
= 651 kN
b) The allowable shearing force in consideration of slirmup
The allowable shearing force in consideration of stirrup s calculated with the following
[ormula.
5r=5h+ 5S¢
Sh=osad-Asf(1.15-2)
where, osa : Allowabile tensile stress of concrete { = 225 Nimm?, SD295A,B)
d : Effective depth { = 133 cm )
A5 2 Bection area of slirup (cm® m)

a : Pitch of stirmp { cm )

iamele
i . M £ i : . | {}f:{:;n
IJ_].": 4,225 {300 225 133 A0 3
D16 6619 | @300 | 275 133 0.0 574
D19 9549 | @ion | 225 133 g 828
D22 | 12002 | @3 | 225 | 133 | 300 | Lu9-

Sc=102 mb-d=]1/2"%cq
=52/ 8 =300 kN

Therelor,

Diameter of | Sh  5c¢ Sr=5h +5¢
slirrup (LId) {kM) (L)
D13 366 a6 | 692 =
D 574 126 90N
1Y 828 | 326 1,154
D | oLw | 3 1445




(2} Check on bending siress

Moment Goloulatyon
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(2] Caleulalion resolis of resisting shearing force
Figure of Sha 'rl'nr-{ Force Liem Pﬂ*’m’ﬂ Case)
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