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1. Design Standard
(1) Permanent Strectures
() Unit Weight
Reinforeed conerete v = 25w
Backill sand s L8Um" (under Ground water 0.86m™)

(1) Desirn Stress

= Concrele

Conerede

Bemding compressive stress 2 kgicm™)
REREH

= Remfnreemend
Femforeement deformed bar

Tensile and compressive stress 3000 kgiem’)
153

(e} Allowable Siress

= Conerele

Concrele ! 210 kefem™
Bending compressive siress Tikplem?)
e _
Shearing stress 3.6ike'om’)
Tea

« Reinforcement

Hemforeemen ' deformed bar |

Tensile and compressive slress LODMH kedcm™) Bl
TEA

{d) Keinforeement Arrangement

* Diameter (o)
6, 8, 10,12, 14, 16, 18, 20, 22, 24, 25, 28, 30, 32, 36

* Cover (d mm)
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Underside of botlom slab d =120 mun (with pile stnictore)

d = 100 mun (without pile structure)

Other slab and wall d =70 mm {h= 300mm)
o = 30 mmdh < 3000mm)

Beam and Columnd = T0mim

= Minimum space hetween two bars ol reinforcement {face 1o Gice)

Faor slab and wall ol [00mm

(In this caleulation, the space between two bars (center o center) should he taken
following two cases, 125mm or 230mm. )

For bewm and column i = 30mm

* Whimmawm ameunt of reinforcement

Dicliormed har

Heam Mg 002 hdZ As = 00,02 b
Column Mg o= 00DLE A = As 2 0000 A

= Lap length

PMliain bar and Deformed bar L 35d (d = diameter ol reinlurcement)
() Desien Load

* Basic paramelers

Uinet weight of soil ¥ L&m®,  Iriction angle h=30"
Under pround waler 3 = DELm"
Wehicle load A0 (307)

* Vertical load

ol load pl = I =y

Yehicle load  p2 = (nXPYA
Hack axle weight - 12T
One Lire weight P = 12/2 = 6T (The space of hire
[= 1.50m)
Loading ares
A= (L2425 and0®) = [{L6+2 % b mn30%)
rr - over load Factor 1,3
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(I depth ol upper slak s more thian 1.4m, e tire
lnads should be considered)
Unider prownd water losd Py {unit weight is 1.08'm’)

* Horeonial lead

Sl pressurne I = [vertiesl soil load) = Ko
Foo o 0.5 (Earth pressure af rest)
Horizontal load pressure Pv = {Ventical load) = Ko

{For caleulation of Box Culvert. Vertical vehicle load and horizontal vehicle load arc

mok Joaded an the some bme.))

Mocial Toad Pa = 1.0 ¢'m’ (For caleulation of under ground
wall. I there 1= no road near the structure, axial load is 0.50m™)

Under pround water pressure . Pw

* [nsude of structure

Wertical water load

Horteontal water pressure

* Equipment weight

Mechanieal equipment load (activily load)
Electrical equipment load

* Building loasd

* Uplifi strength

(2} Temporary stracture

[} Sheet Pile - Stress for caleulation

Tensile Stress 2,700 kpfem’ .
Bending Compressive Stress 2700 kpiom?
Shearing Stress : 1,300 kgfem® _|

(h B seclion steel

| lensilc Stress 2100 kgfem®
Bending Compressive Stress [ *) 2,100 kpfem’
i shearng Stress 1,200 kpfem?
¥ Bending Compressive Stress is according to length of 11 section
I = 20 2,100 keiom?
20 <1/r <93 P LA0D — 8.4(lr — 200}
93 = 1/ 112,000,000 ¢ (6700 HIFF) = 1.5
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Here [ lengtlbe of H section

r = radius gyration of H section
{c} Stress Iron Weld Connection

Allowable stress of Shop Welding is same as the abhove,

Allowable stress of Field Welding 1 50 % of Shop welding,

[y Stress Tor Bolt Connection

[ Shearing Stress 1,300 (keicm’)

Firal Repors

Surface Compressive 2,900 {kg/om™)




Tl Broaifod D Siady cn HCNC Iater Bl fogeovement Projecs Final Repost

I gy, @

LN LH

2, Dwesign Method of Pile Foumdation
(1) Allowable Bearing Capacity of Pile

(a) Allowable vertical bearing capacity of pile
Allowable vertical bearing capacity of pile 1 caleulated by following equaticn.

Ka = tn [ Ru — Ws ) + Ws W

Here
Ra - Allowable vertical bearing capacity of pile ot pile head { tpile )
no salely laclor for point - bearing pile n=23
[or mction pile no4
r ¢ Revise coelficient of safoty factor
In ease of ultimatle bearing capacity is cstimated = 1.
I case of ulumate hearing capacity ol pile 1s ealenlated according to vertical
load carrving test r=1,2
Hu : Ulimate hearing capacity of prle decided from soil condition | tpile )
Wa o Elfective sml weight which permute by pile (1)
W Effective weight of pile and soil in the pile { 1)

(h) Assumung of ultimate bearing capacity of pile
lin = gd=a + Ux E Li 2 Fi

Here

Eu : Ulbimate bearing capacity of sol decided from soil condition ( tpile )
A Arcaolupofpile{ m' )

g = Unit ulimate bearing capacity of pile at tip of pile { tm® )

L : The girth of pile { m )

Li o Thickness ol Tayer which consider a friction (m )

Fi @ Maximum friction ratio of layver which consider a friction { t'm’ )

= Assuming of unit ultimate bearing capacity of pile { gd ¢im” }
(In case of driven pile)
Unat ultimate bearing capacity of pile 15 assumed according Lo the ratio of
i value of soil of pile tip and ratio of depth o width ( embeded depth 1o hearing
layer / pile width )
Reler to Fig33, and Fig, 3.3, .

. Assuming of maximum friction rtio which affeet to pile surlace
Maximum lrsction ratio which affeet to pile surface 15 caleulated by following
Table. { t'm* )
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Drriven ]Ji|1:' Cast in - silu |
diaphragm pile
Sandy sail 02N( = 10) DAN{ =20
Cohesive soil | Car N [ Cor M
{ Clayer saoil) | [ = 13 { = 15)

(2) Allowable Tensile Capacity of Pile

Fa

I'm = Pu 1 W

Here

Pa - Allowable lensile eapaeity af pile at pile head { tpile )

n : Safety factor n=1

Pu : Ultimate lensile capacity of pile decided from soil condition { Vpile )

W Effeetive weight of mile (1)

* Maximum [riction ratio which affeet to pile surface 15 deeided according Lo
caleulation of hearing capacily of pile.

(3} Investigation of negative friction

It 15 necessary to consider a negative friction for pile, when pile is set in a setilement
Soil condition.

(a} Imvestigation of negative friction fur pile

*  Mewiral point of pile

Negative friction area

Ao Mewtral point of pile

Positive friction area
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*  Investigation of negative friction
Pa' LAS5 ( Ru' — W'} + Ws — ( Ral + W)

[lere

Ra' @ Allowable vertical bearing capacily of pile at pile head in case of nepative
Friction affecting { Gmle )

Fu': Ultimate bearing capacity of pile under the layer of newtral point { tpile )

Fnd s Megative lriction
sum of maximum [rction for pile upper layer of neutral point

Wt Eflective sml weight which permule by pile under the neutral point

W Effective weight of pile and soil in the pile

(4} Investigation of pile stress
1.2 = ( Po + Rafl + W' ) = ay x Ap

Here

Po - All the load affect 1o the prle head (1)

Enf: Megalive friction (1)

W Effective weight of pile upper side of neutral point { 1)
ay : Yield stress of pile concrete { ¢m® )

A Pure area of pile

(5} Azl modulus of spring of pile
Axial modulus of spring of pile is caleulated by following equation.
Ev=wax{Ap=Ep/l}
Here
Eov s Axial modulus of spring of ple (kpfom)
Ao Arca of pile (fem2)
Ep @ Modulus of elastcity of pile (2.3 = 10" ke'cm2)

L : Length of pile (em)

=003 w (LD b (LG
IV Darmcter of pile (o)
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{om parison of standard

(1

Permancal shruclure

. Unit Weight
Feinforced
Conerele

Sandiback il

Wictoarm Standard

Fimal &t

Hritish Standaed

Japanese Standard

20 Adlwable Stress

2.50m3

Concrele
{Compressive
Stress)

Conerele
{Sheanng Stress)

L5¢'m3 2 .50m3
1.51m3 .8 —24/m3
0kefem? 112 kpicm?
(Crade2 507 {focu=250
1A
_ 0.67lcn/Tm=112})
TO92kpiem2 M Gkpfem?

(Checked by

lensile stress)

Fembforcement
i Deformed bar)

3. Bar arrangzement

Dizmeter

Caver

DProymeestic product
2000k 2 slah)
21000 Ream, Calumm)
Import bar
2800k g/ m2{slah)
22000 Beam., Columm)

A3Mkgiom2
{503 =370
mm = 1.15)

Comsider a safety
Factor caleulation
OF design loads.

(Fs=1.1-131

N — 32 mm

| by 2oy

Cover to har surface

Laymmd Slal and wall
thickness more
than THMm)

Thmimi Bottom slab)

Space

Bl i aomount
O peanlorcement

I.80/m3

Tlkpfem?

Lbkaiem? '

18k fom?2
(LG kecm2)
{Dhrect face L
waler)

Consider a safety
Factor calculation
O desipn loads,

(Fs=1.0- 1.0}

Mo saliely [aclor

6 — 40mm

(b 2om — B

L0 — 32 mm
iy dmm)

Peloore than 20mm
(Usual struchere)

Pelore than 35mim
{[nreet face fa soil)

Beiam

Mlore than 30mm
Caolumn

Ml ore than S0

Mlore than 0052

4]

Harizontal
(Maximum coarse
Aprresate + smm)
Werlical
(maximm eoarse

| agarepate = 2/3)

Cover 1o bar surface

Llsual structure
Slalk 25mm
Bearm  3imm
Column 3amm

Corroston condition

Slah Aimm
Heam  3mim
Column Glmm
Heam

Mo than 20mm or
Apereeate = 473
Column

Muore than A0mm or
Apgregale = 443

Compressive side
(h4"%

Tensile side

024 —10,13%

More than 0.2 95
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| Substructure desipn
| Standard

Barth pressure

thamnc as rannmkin
pressure 4 207 )

'E_p l.l_'nglh 35D ER1N] 3a0
Pile foundation BSR4
desien
Spread foundation
desiegn
[esign load
Track weight T- 30 HA Track) T-25
_ HE{Tank)

Design soil pressure | Rankin earth Rankin earlh

PressUre PrEsSUre Abrest

|
(2] Tempuorary struciure
Britsh Standard

sheet pile

Vietnam Standard

Allowalble tensile
and compressive
sETCSS

Japanese stancdard

CT3 2100kg/em?
CT5 2300kpfem2

Sheanng stress

43 2750-2450
M 3550-3 150

CT3 1300kg/em?
CTa 1400kefom?2

H section stecl

.61y
43 16501470
S0 2130-1890

Allovwahle fensile
and compressive
slress

Sadl 2T Mkefem2

S541 1300kg/cm?

Same as sheel pile

Shearing stress

Same as sheet pile

Same as sheet pile

Allowable

Displacement of

Temporary carth
retaining structure

5541 2100kp.cm2

Same ag sheel pile

a5dl [20Mefem2

Jem
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4.1.2

Conelusinn

In comparison of standard, British Standard is high and Japanese standard is low and
WVietnam Standard 15 middle al compressive stress of concrete and lensile stross of
reinloreement.

I British Standard 15 applicd, tensile stress ol reinforcement should be eritical design.

Victnam Standard has salety faclors in caleulation ol design loads, such as earth
pressure, vertical losds and cic,

Coefficient of factors are 1.1 ~1.3.

Japanese Standard is most strict lor structure design,

The difference belween Japanese Standard and Yietnam Standard is not sa muoch, but i0
cuncrele structures are designed according 1o lapanese Standard, stroctures will be
Strang.

To consider the Wastewater Treatment Plant is important facility and it should be usc
maore than 50 years, Japancse Standard is most applicable Standard,

Japanese Standards can applicd  without written agreement from Ministry  of
Construction.

(CIRCULATION OF MOC MINISTER on the application of standard, procedure and
regulations on construction technique. Hanoi, April 24 1993)

T.01-10
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Calculation for lift pumping station

1. Material property and soil condition

Cround water levol WL

Concrete: Grade 250, Rn
s

Beiforcement type ]15: Fa

Backfill sand:

Coeficient of carth prossure at rest K.

Intermal friction
2. Loading and calculation scheme
2.1 Salf toad
Waight of botwom
Wl =25x1x341.36 =
W2 = (250 + 170118 4,255 2.5x | =
Wi 1T 021431 3225 =
Total ;
Weight of Shab at clevation -1.5m
=Thickness of slab s 0.30m
Ar= 155x 13.5 4 (2354 15.5W2x 3+ 23.5x
Aob = Ar- A (holes) =479, 75-104.36 =
Wik = ITE0Ex 04x 2.8 =
~Thickness of slab is 0.40m

Ash = {1.65x 0.4 +(4.5+ B.5)x 052 3.5+ 4.5% 6.5)x 2

Wiosy = 27,020 0.6x 2.5
Slap at elevation = -3, 1m, thickness = 0.4m
Wiy = 450 13.6x 0.6x 2.5x 2

70 kefom®
3.60 kgfom®
s
1

1,400 kefom

[.830 Tim
0.5
20°

BR3.4T
22409 T
FRATET

187231 T

479.25 m*

375,02 m°
37489 T

9762 m*
146,43 T

183.6T

Slap at elevation = +2.5m, thickness = 0.3m and 0.7m {0.4m is sinder concrete)

Area =170 13154 30 15.25) - [{ 2.5% 0.8)% 4+
(205 3.5 M+ (3.2 2.8 3+ (2.25x 1.65)x 3
Wiy = (224.86 - 36.7)x 0.3x 2.5
War = (41075 - 2012 - 1 1. 14)x 0.7 2.5
Slap at elevaton = 4 10.0m, thickness 0,4m
Wib = 4.8x 2512 0.4x 2.5
W olslab = 187251+ 374.8%+ 141,86 18364
A28 642364 115,46
Weight of wall [our side)
Wl = &.4x 155 0.8x 2.5
W2 =23x 15520525
W3 =37 155x04x 25
Wa-Se 186.8x 23 .52 0,8x 2.5x 7
Wo = 6 4x 0.5 3.8x 2x 2.5
W7 =052 45 21220 2.5
WE = 0.8 3.95x 0% Fx 2.5
Weight of wall {in side)
Wi = 13.0x 6022 08x 2.5

W2 = 9.0x #x 2x0.8x 2.5

WI = 4.6x [6.8x(2x 0.8x 2.5)

Wa = Tx [6.8x 0.5x 2.5

WS = [5.4+ B.4)/2x 5.3x 2x 0.8x 2.5
W = [ 1w 2.3x 0.5 3x 2.5

WY = Tx 53005 3x 2.5

56655 m
141.121

G234 T

1544 m
349047

193.28T
44,546 T
2730 T
I579.2T
0.8 T
15.2T
10,686 T

12T
42T
30902 T
ai T
19628 1T
G4BT
231.87 T



WE = 3,15 3.8 052 Zx 2.5+ 17452 1,9 0.4x 25 2.5 QEHIST

WO = [ 7. 45x 0bx 3.7« Bx 2.5 = 193,469 T

E\Weight of wall = I748.83 T
Weight of beam

AL elevation -1.5m = Odx O0.7x 6, 1x Z.5x 5 = 21387

At elevation +2.5m ={ &.14+ 6,55 w0 7x 04x 2.5x 5 4437 T

Folw04x 0. 7w 2.5x 3 = 4.9 T

5.05x% O.4x O.4x Z.5x 3 = 608 T

0.2% O.dx 3.5% dx 2. 5x 2 = B4T
Weight of colurnm

O.4x Qdx J.éx 16w 2.5 = 23T
Toral 1798 T
rWeight =  FISB21T
Weight of buiding

Q1 = 1159 74+ 23275 7+ 7.25x 7 = 291 FTFT

Q2=241x 24+ 23 41x2+ 19.03x 2 9.03x 2 = [2B.16T
Towal lead of building = 2293 T
Load of mechanical equiprment = 2B5T
Lead of electrical cquipment = as.8T
Total(W of structure + Whuilding + Wmechan, + Welecw.) = HI34924T
Load of water when water Tull insids

[13.5x 15500744+ (23.5+ 15.5)/2% 3« ( 0.74+ 3, .._Jq':'."l

2 P.5x 3.54x 235 1 07034 T

Z3.5x Ix 1540x 1 = 108564 T

2.2 Vehicle Load
Vehicle type : HI0
Horizoncal vehicle load from both sides
Pe = 1{T/m ko = 1x 0.5 = 0.5 T/m’
Whhera: 1UT/md) is vertical unilorm load doue 1o vehicle
2.3 Sail lnad
[ case of ground water level ac + 0,00
Soil foad for wall calculation
AL elevation - £, 4%m
Horizontal distributed load due o ground water

Pw = {GWL-BLx 1 = 7.7x | = 7.7 Tim®
Horirontal distributed load due to soil earth from both sides
under ground water level

Pos={vs- 1% (GWL - BL}x ko+ (GWL -BLix | =

(1.8 - 1) 7.7x 0.5 + 7.7x 1 = 10,78 T/m*
Horizantal distributed load duee tooearth from Both sides
above pround water level

Ps =ys{GL - GWL)xko = 1.8x 2.2% 0.5 = 1.8 T/m°
At elevation - 4.2m

Pw = 1x 4.7 = 4.7 T/m'*

Ps = 2.2x 1.8x 0.5 + 4.7x 0.8x 0.5 = 3.B6T/m’
Ad elsvation -3, lm

Pw = 1x 3.4 = 3.4 T/m’

Ps = 2.2x [.8x 0.5 + J.4x O.Bx 0.5 =  318T/mt
Al elevation -1.%m

Pvw = Ix 1.8 = 1.8 T/m®

Ps = 2.2x 1.8x 0.5 + 1.8x 082 0.5 = 2.7 Tim?

2.4 Live load
Loading for slab at elevation +2.5m
Pl =2 T/m* {electrical room)

7-1-12




Pl =0.5 T/m? {ather rooms)
Leading for slal at elevation -[.5m

Pl = 0.5T/m’

3 Checking vplift that due to ground water
In case of water level at 4 2,20 inside is empoy
Lplife force at boltam
Pupl = Pw x Abottom
Pupl = 10.4% 341364 7.7 24453+ [ 104+ 771/ 2%
FRLES5+ 94.44x 434 122 94 5.9 =  JREIAIT
Total(W of suucture + Whuilding + Wmechan, + Welean. )= 8134.94 T

S0 Pupl < rWeight Satisficd

4 Checking presure to base soil
When inside is water {the most dangercus case)

Ps = Total welght! A = 10291,68 / B76.56 = 10..74 T/m*
Allowable capacity of 400x 400 RC pile as calculated P: = 45T
It means that 1RC pile(400x 400) can be used for the area as calculation below

F=45/11.74 = 3aim’

5 Calculation sheme for lift pump
I case no water inside
In case of full water Inside
Refer to attached result sheet for calculation value of stress, stecl area
for sheet, beam and colunm slements

f-1-13




BEAMADX D0, 20X 50

Calculation for bar arrangement:

Base cn attached results of shell Forces analised by SAF2000, choosing the most dangerous
forces For caloulation:

A, = M/R bh,’ Where, My Maximum bending momenti T.m)
h,: Effective depth of bearing arealcm)
h,= {Element thickness-Cover thickness)

b: Width of calculated areaiem)
Eaquired area of reinforcement;

Fa= MfyRaho Where: y = 0.5 + ({ 1-240)")/2
Beams
AREA YValues Ao ¥ F:l_ ﬁ.]r drramgerment
m2 (T.m} [om®) plmm) quantity
b=0.40 | -32.200 | O.1330 0.928 2351 28 4
h=1.00 | 2Z.310 D.0921 0.957 15.76 78 4
-15.800 | D.0&52 0.0&8 10.99 FE 2
2510 | 0.0393 0.980 557 78 2
-30.450 | O.1257 0.933 7194 78 4
32.240 | 0.1331 0.928 7334 28 4
26,440 | 0.1092 0942 | 18.88 28 4
BEAM -16.200 0.0673 0.965 11.35 28 2
bih=40x100] 32.430 01339 0.928 73.49 28 4
33.320 D.1376 0.92& 7419 78 4
27.140 | O.1121 0.940 19,39 78 il
-12.260 | 0.0506 0.974 846 28 g 2
15,090 0.0623 0.958 1018 78 -
14.940 | 0.0617 0.968 1037 78 r
23790 0.0982 0.948 4686 78 4
b=0.40 &340 0.1228 0,534 9,89 27 3
l=0.50 5. 190 0.1002 0.947 7.97 20 3
BEAM 3.410 0.065% 0.966 5.13 20 2
beh=40x50 | -4.430 0.0856 0.955 &.74 27 2

Tol-14
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Calculation for bar arrangement:
Factor related to Moment, bearing area and compress capacicy:
A, = M/RBRT Where, M Maximum bending momenti T.m)
h,: Effective depth of bearing arealcm)
h,= (Element thickness-Cover thickness)

h: Width of calculated areafcm)
RBequired area of reinforcement;

Fa= M#Raho Where: y = 0.5 + ({ 1-2A0)" 52
h=0.&
Moments | WValues A0 T Fa _ Bar arrangement
(T.m} (em®) | plom) | afmm)
22290 | 0.0411 | 0.979 | 16.17 75 250
BOTTOM| 20.730 | 0.0382 | 0.980 15.02 25 250
SLAE | 44.B30 | 0.0827 | 0.957 | 33.28 25 125
(Thickness| 40,000 | 0.0738 | 0.967 79 54 25 125
100cm) | 17.360 | 0.0320 | 0.984 12.53 25 Z50
14.100 | 0.0260 | 0.787 10.15 75 750
10.900 | 0.0676 | 0.965 | 14.71 25 750
BOTTOM| 5.740 | 0.0356 | 0O.982 7.51 20 250
SLAE | 4.810 | 0.0298 | 0.985 636 | 20 250
(Thickness| 17.100 | 0.1060 | 0.944 | 12.87 25 250
&0cm) | 12510 | 0.0776 | 0.960 926 27 750
1.870 | 0.0505 | 0.974 5.27 17 125 |
SLAB 1.260 | 0.0340 | 0.983 348 17 250
(Thickness | 3.470 | 0.0937 | 0.951 9.92 14 125
I0cm) | 3.070 | 0.0BZF | 0957 877 14 125
SLAB 7.390 | D.0969 | 0.949 14.75 16 125
(Thickness [ &.450 | 0.0845 | 0.956 12.78 14 125
40cm) N
38.420 | 0.1030 | 0.946 | 34.79 25 125
WALL | 39640 | 010463 | 0,944 35.96 25 125
(Thickness| 27.190 | 0.0729 | 0.962 | 2420 | I5 125
80cm) | 26.880 | 0.0721 | 0.963 23.21 25 125
21.720 | 0.058Z | 0.970 19.17 22 125
=268 | 16200 | 0.0434 | 0.978 14.18 75 750
17.680 | 0.0474 | 0.976 | 1551 75 7250
x=0 B.740 | 0.0234 | 0.988 | 7.57 22 250
y=26.75 | 31.560 | 0.0846 | 0.956 | 28.27 | 25 125
23.290 | 0.0629 | 0.948 20.60 25 250
y=22.75 | 16.250 | 0.0436 | 0.978 14.23 45 250
12.450 | 0.0334 | 0.983 | 10.84 20 250
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