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1 General

1.1Main features of Box culverts in Package 38

1.1.1List of Box culverts in Package 3B

1.1.1.1Cross drainage Box culverts

Calculation Sheet
TR T R LIRS 7o'

Table 1.1: List of Cross Drainage Box culverts in Package 3B

Size
Angle | Coveri Length
SN Station (BxH) gle | Covering | Lengt
(degree) (m) (m)
(m)
1 020+900 3-(3.0x3.0) 90 423 43.83
2 0214150 1-(3.0x3.0) 90 5.55 56.75
1.1.1.2Cross drainage bhox culverts
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Figurel.1: Typical plan of Cross drainage Box culverts
1.2Summary of Design method

1.2.1Typical design
- The typical design will be mentioned to box culvert on nominal section, box culvert placed
on bearing layer enough strongcompare with maximum factored stress at bottom of culvert.
- For box culvert on softsoil section will be considered individual.
1.2.2Grouping

In Da Nang QuangNgai Expressway development project have approximately 300 box culvert of
two kind of: Cross drainage box culvert and Underpass culvert. The each culvert has difference of
number of cell, the dimention, and covering heigh... The structural of culvert consided by design
group depend below parameters and some special cases will be consided separately. The bearing
capacity of soil at bottom of culvert will be consided in individual.

NK-NE-Chodai-TEC

AR




Consulting Services forDetailed Design for

Danang- QuangNgai Expressway Development Project Calculation Sheet
R s B e e b e

L R R

1.2.2.1Design group for Cross Drainage Box Culvert

The group are decided considering the following items:
- Cell Number of Box culvert.
- Dimension of Box culveri.

- Height of covering.
Table 1.3: Design group of Cross Drainage Box culverts

Dimension Dimension
Group Group
Width x Height Covering Thickness Width x Height Covering Thickness
Wx I (m) (m) {mm) W x H () {m) {mm)
I 3-(3.0x3.0) 0.6 <H<435 350 2 1-(3.0x3.0) 45<H1H<90 400

e cell mamber of box culvert is 2 or more than.
e After the consideration of internal forcein 2 cell box culvert and multiple cell box culvert are
not so different, three cells culvert was design as two cell for safety.
1.2.3Structural calculation and reinforced arrangement

- Typical structural will be calculatedrefer to above type of box culvert.

- For box culvert on softsoil section will be considered individual. If it didn’t so much effect to
internal force. The structural and reinforced arrangement would be applied to typical
structural.

2 Design standard

- The box culvert structures shall be designed by the specified limit states in the Vietnamese
Standards 22 TCN 272-05 — accordance to letter no DQEDD PMU 85-99-13 dated February
26" 2013,

- The reinforcing accordance to the standard TCVN 1651 — 2008.

3 Design method
3.1Limit states

The bridge structures shall be verified by the following limit states, and all of limit states shall
be considered of equal importance:

»  Strength limit state
»  Service limit state

3.2Load madifier factorn

Bridge Superstructure shall satisfy Eq.1 for each limit state, unless otherwise specified. For
SERVICEand EXTREME EVENT limit stats, resistance factors shall be taken as 1.0.

2 S6R, =R (Ea1)

1p = 1.00 (for ductility).

1r = 1.00 (for 1'edundancy).

1; = 1.00 (for operational Importance).
3.3Resistance Factorg

Resistance factor is shown bellow. For service and extreme event limit state, resistance facter ¢
is 1.00.

S R SR S S R e R e
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Calculation Sheet
*

Reinforced
Concrete

0.90 0.80 0.75 0.70 0.80 1.00

* For service and extreme event limit state, ¢=1.00
* Refer to Vietnamese “Specifications for Bridge Design 22TCN-272-05”

For compression members with flexure, the value of ¢ may be increased linearly to the value for
flexure as the factored axial load resistance, Py, decreases from 0.101° A, to 0.

3.4Load and Load Combinations:

3.4.1Load:
3.4.1.1Dead Load
Dead load of structural components and nonstructural attachments (DC) are calculated by use of

the densities noted below:
Table3.2:The material density

. Density Unit Weight
No Material 3 3
(kg/m™) (kN/m™)
1 | Plain Concrete 2400 23.5
2 | Reinforced and Prestressed Concrete 2500 24.5
Asphalt Pavement 2250 22.0

*The materials density based on 22TCN-272-05.
3.4.1.2Live Load and Dynamic Load Allowance
Live load and dynamic load allowance is based on Article 3.6.1 and 3.6.2 of 22TCN-272-05.
The following requirements are adopted in the structural design of the culverts for drainage purposes:
- In case that the fill above the top of culvert is less than 0.60 m, the wheel foad should be
applied directly on the culvert (not a distributed load).

- In case that the fill above the top of culvert is more than 0.60 m, application of the wheel load

on the culvert can be neglected,

S R i 493
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» Design Vehicular Live Load
Vehicular live loading (HL-93) shall consist of a combination as followings:

¥ Design Truck
»  Design Tandem
»  Design Lane Load

i -
- | V) i -- ﬁ _ fim ii
T [ [ 600 mm General————-> 1800 mm
35000N  145000N 145 000N 3¢0mm Deck Overhang
| 4300mm | 4300 to 9000mm|
Note: For fatigue load, the distance between 145kN axles shall be constant of 9000mm
Design Truck
Yy Vv v y 9.3N/mm/3000mm Width (1 Design Lane)
110kiN| 110k
1800m|n
s ! 'y
1200mm Dpsign Lane 3500q1m Y V¥ ¥ v v Yy v v v
<>

Design TandemDesign Lane Load
The extreme force effect shall be taken the larger as followings:

»  The effects of Design Tandem and Design Lane Load,

»  The effects of Design Truck with variable axle spacing and Design Lane Load.

»  Dynamic Load Allowance: IM
The dynamic load allowance for culverts in percent shall be taken as:

M = 33(1-4.1x10"*D> 0%

» Braking Force: BR
The braking forces shall be taken as 25% of the axle weights of the design truck or tandem per
lane placed in all design lanes which are carrying traffic headed in the same direction. Besides all design
lanes shall be simultaneously loaded for bridges likely to become one-directional in the future.

==
ionlONINO)

Roadway Surface ‘

These forces shall be assumed to act horizontally at a distance of 1800mm above the roadway

surface in either longitudinal direction to cause extreme force effects. The multiple presence factors
shall apply.

3.4.1.3Water load and Stream pressure: WA

1800 mm

- Water pressure does not cause adverse effects to the structure so it will not be considered.
3.4.1.4Earth pressure: EH
Earth pressure shall be assumed to be linearly proportional to the depth of earth and taken as.
Ph=Kay,gZ.10” (3.11.5.1-1)
In which:
Py, : horizontal earth pressure at the depth of Z

{(N/m m?)

(o S e e e e g e s e R e T e S
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lGround level |

Gy

Calculation S

A R A 04 R

Py
.
.
Hi 2
.
/4 Ph

+ Lateral earth pressure applied on the plate as figure

Py'= Ko*ysg*hy 107
Ppl= Ky *ye*g*(H+hs)*107

Inwhich:
- Py, : Horizontal earth pressure (N/mm)
- Ky: active earth pressure coefficient
- g5: Density of soil (kg/m3)
-g :Gravitational acceleration(m/sz)
- =30° : Angle of internal friction
- h; : filling height from top of box culvert (mm)
-H :Total height of box culvert {mm)

3.4.1.55urcharge load: LS

Where a surcharge load is present, a constant horizontal earth pressure shall be added to the basic

garth pressure. This constant earth pressure may be taken as
Dp= k.ys.8.heq.1 0

Where:
Dy = constant horizontal earth pressure due to uniform surcharge load applied (Mpa)
k= coefficient of earth pressure
¥s = density of soil (kg/m3)
héqt height of soil equivalent to design truck (mm).

Wall height(mm) heq {mm)
< 1500 1700
3000 1200
6000 760
= 9000 610

3.4.2Lcad combination:
Table 3.3:L.oad combinations and Load factors

State Mark | Strl-A | SwIB | Sw1-C “S]“A Str. 111-B Se";’"’e

Dead load of structural DC 1.25 1.25 0.90 0.90 1.25 1.00
Dead load of wearing DWW 1.50 1.50 0.65 0.65 1.50 1.00
Vertical earth pressure EV 1.30 1.30 0.90 0.90 1.30 1.00
Horizontal earth pressure EH 1.50 0.90 1.50 1.50 1.50 1.00
Live load LL 1.75 1.75 1.75 1.35 1.35 1.00
Live load surcharge LS 1.75 1.75 1.75 1.35 1.35 1.00

Where

DC- dead load of structuralcomponents and nonstructural attachments;

B R T S R e £ S R AR
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Calculation Sheet
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DW —Additional static load
LL - live toad EV- Vertical earth pressure

IM - vehicular dynamic load allowance; EH-Horizontal earth pressure
3.5Design principle for each Limit state

3.5.15trength limit state
3.5.1.1Design flowchart for Strength limit state

Design flowchart for strength limit state is show below:

Change Seclion Bimensions, tandon
gerangamant or rebar arrengamant
Start gemnne s

calculation of Nominal Resistance R,

Fiawure « 5.7 Design for fraxural and axial force affects
Shear | 5.8 Shear and torsion Mo

In 22TCN-272-05

Q<R =R,
‘\\’\.
YES
¥
End

*1, yand ¢ are referio 2.1 and 2.2

Figure 3.1: Design flowchart for Strength limit state

3.5.1.2Calculation formula for Flexural

The nominal flexural resistance:

Where:
Aps

T

a a (et a . a h
M, = Apsfps(dp —-§J + A,fj,[d, - -5] - ﬁ,fy(dg— -2-] +0.85f(b-h, )ﬁ.,h,(»g— - E::J

: area of prestressing steel (MM2)
: average stress in prestressing steel at nominal bending resistance (MPa)
distance from extreme compression fiber to the centroid of prestressing tendons (mm)

: area of nonprestressed tensile reinforcement (mm?2)

: specified yield strength of reinforcing bar s (MPa)

: distance from extreme compression fiber to the centroid of nonprestressed tensile reinforcement (mm)
: area of nonprestressedcompresstion reinforcement (mmz)

: specified yield strength of compression reinforcing bars (MPa)

: distance from extreme compression fiber to the centroid of
nonprestressedcompresstion reinforcement (mm)

: specified compressive strength of concrete at 28 days (MPa)

: width of the compression face of the member (inm)
: web width or diameter of a circular section (mm)
: stress block factor

SRR R e
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he : compression flange depth of an T or T member (mm)

a : ¢.1 ; depth of the equivalent stress block (mm)

3.5.1.3Design flowchart for shear

Ca.fculatio __

Caiculate sffective shear dapth d, and sifective width b,

;

Calovlgte vertical component of prestrazs V,

‘

Calculate shear stress v and shesr skress ratio v

iy < 0.25 No

Change section dimension

.

Caiculate shear forcs provided by concrets Ve

Calculate sffaciive value of prestrass i,

i

Assume value of {§ and calotate vaiue of g,

l

Take value of G, from £ value in table 5.8.3.4.2-1 or 2 2nd cgiculate .

Take value of I, from 1, value in {able 5.8.3.4.2-1 or Z and calculate .

e Tz aed
- ! 3
e bl Bl 001610

Mo

Take value of [ frony By and 1; in tabie

!

V, = 0.083 ﬁJE d,b,

Vel

Yas

Armcont Binimum arez of ransvaerss reinforcemant

A, mu‘aaa\ﬂ: %’i
¥

End

Caicutate transverse reinforcemeant

l

Show on next page

Figure 3.2: Design flowchart for shear (1/2)
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Shear force V, provided by lransverse reinforcament
V,
regV, = ..;,_ Ve -V,

Caiculate required lrangverse reinforcement
reqv,

.0, cot(

FagA, =

k 4

Verify naminat shear resislance

1. Effective araa of shear reinforecement VeV ViedVs

2. Shear force provided by concrete  Asfmm®/m) =

3. Component of prestress force in direction of shear force V,

4. Shear foroe provided by shear reinforcement  V, =«
P ’ 87 s 1.0mY

Vﬂ= VQ+VQ+VQ

Af.d, cotp

delvn.
' No
(/;;;Vu
\\f
Yes
End
o Figure 3.3: Design flowchart for shear (2/2)
3.5.25ervice limit state
3.5.2.1For RC component

a. Tensile stress limits for gross section
Table 4.5.2.1-1: Tensile stress limit for gross section

Condition

Limit tensile stress (Mpa)

Construction state

80% of 0.63 £',;>°

Completion state

80% of 0.63 £'.2°

Where:

+ f;: is compression stress of conerete at time of calculation.
+ 1, : is compression stress of concrete at 28 days.

b.  Design follow chart at Service state

NK-NE-Chodai-
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( Start )

ol
-

Calculation Sheet
T S A s

Change Section Dimensions
or Re-bar Arrangement

h 4

Yes / Stress of gross section is 80% or
less of modulus of rupture.

No

Stress in Re-bar is less than No
limitation stress of crack.

Yes

G

Figure 3.4: Design flowchart at Service state

C. Crack control

Components shall be so proportioned that the tensile stress in the mild steel reinforcement at
the service limit state does not exceed fsa, determined as 22TCN272-05 5.7.3.4-1:

o Z
fsS mm( fsa = Woxﬁfy)

Where:

d, = depth of concrete measured from extreme tension fiber to center of bar or wire
located closest hereto; for calculation purposes, the thickness of clear cover used to
compute d; shall not be taken to be the greater than 50mm.

A = Area of concrete having the same centroid as the principal tensile reinforcement
and bounded by the surfaces of the cross section and a straight line parallel to the
neutral axis, divided by the number of bars or wires (mm?); for calculation purposes,

the thickness of clear concrete cover used to computed A shall not be taken to be
greater than 50mm,

Z = Crack width parameter (N/mm)
+ Z= 17500(N/mm) for buried structures,

T S T A T R L
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4  Material Properties:
4.1Concrete

Use of concrete grade of f'c=25MPa (Concrete Class :C25) is assumed for box culvert, wing
wall in the design. Concrete strength, f°c, shall be based on the 28-day compressive strength of
cylinder specimens.

Table 4.1 Conciete Properties

For Abutment, Formula
No Item Symbol )
Pier, bored pile
I | Compressive Strength at 28 days f’c 25 Mpa
2 | Modulus of Elasticity Ec 26,875 MPa | E,=0.043y.'*(f'¢)**
3 | Modulus of Rupture fr 3.15MPa Fr=0.63(f¢)™
4 | Coefficient of Thermal Expansion o 10.8 x IO'C'/deg
5 | Poisson’s Ratio - 0.2

*The stress-strain curve was sef up based on 22TCN-272-05.
4.2Reinforcing Steel

- Reinforcement:
+  The strength of reinforcement under the standard TCVN1651 - 2008
+ Plain bar (CB300-T) : £, =300 MPa.
+  Ribbed bar (CB400-V) : f;, =400 Mpa

+  Elastic modulus : Es = 200000 Mpa.

5 Coefficient of subgrade reaction of bearing
The determine coefficient of subgrade reaction based on the “Principles of foundation engineering”.
If a foundation of width B, is subjected to a load per unit area of ¢, it will undergo a seitlement A.

The coefficient of subgrade modulus can be defined as: k=q/A
Web of culvert

| B i /t/ /— ; culver

1

l l l l l l / Botlom slﬂh__i

5, 1

i

Figure 5.1; Model of coefficient of subgrage reaction
+ Square foundation:
For Foundation on sandy soils:
ke = ko3 (B+0.3) / 2B)*
For Foundation on Clays:
ks= ko3 (0.3/B)
+ Rectangular foundation
ke= ke (1H0.5B/LY/ 1.5

Inwhich:
- ke . Coefficient of subgrade modulus of the square foundation BxB (m) (kIN/m3).
-k . Coefficient of subgrade modulus of the rectangular foundation LxB(m) (kN/m3).
- kgs: Coefficient of subgrade modulus of foundation measuring 0.3x0.3(m) (kN/m3).
- B : The foundation width (m).
- L . Foundation length (m).

NK-NE-Chodai-TEC
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The value of kg 3 for Sand soil and C]ayé show on below table:

Sand soil Clay
(Dry or maist) Saturated
Loose 8-25 MN/m® | 10-15 | MN/m® | Stiff 12-25 MN/m®
Medium 25-125 MN/m’ 35-40 MN/m’ Very stiff 35-40 MN/m®
Dense 125-375 MN/m® | 130-150 | MN/m® | Hard >50 MN/m®
+ Coecfficient of subgrade reaction
- L= Calculated length of culvert (m)
- B = Calculated width of culvert (m)
- kO3 = Coefficient of subgrade of foundation measuring 0.3x0.3(m) ko; = 25MN/m3
. . B L ks Sandy soi! Clay
SN | Dimention ks k, kg Kk, s Kk, ks
(m) | (m) | i3 :
GNpd) | m3) |3y | (kiwmd) (m) (kN/m3y ] (kN3

1x(3.0x3.0) | 3.8 | 1,00 | 25,00 | 7305 | 7305 2027 | 3851 0,62 2252 | 4505
2 | 3x(3.0x3.0) | 104 | 1,00 | 25,00 | 6793 6793 1064 | 3209 0,59 1996 3991

- In here Coeflicient of subgrade of foundation k03 is 25 for medium sand and stiff clay.

- When the structure analysis, the coefficient of sand used to generate adverse effects for structural.
- Spring coefficient to input to software divided by s (m) follow below formular

K1 = 0.5%k*s  (kN/m)

K2 = kir*L*s  (kN/m)

6 Design result
6.1Summary of Design results

Table 6.1: Summary of design results of drainage box culvert

X . Covering .
. Size (BxH) Angle Covering | Length Bearing
SN Station Group group .
(m) (degree} {m) (m) sail type
{m)
1 020+900 3-(3.0x3.0) 90 4.23 43.83 0.6-4.5 Nomal
2 021+150 3-(3.0x3.0) 90 5.55 56.75 4.5-9.0 Nomal
6.2Bearing capacity

6.2.150il parameters:
Some evaluations of geologyical conditions at box culvert location on PKG 3B:
Most of the bearing layer at Box culvert location on PKG A4 are sand and sand with clay, SPT

value from 6 to 23 blow/30cm.
Table 6.3: Thesoilproperties at box culvert location of PKG 3B

Dimention (m) Covering Bearing layer
Station
SN Cell Width Height | Length (m) {m) Name | Soil type | SPT value
Cross Drainage Box culverts
1 Km 020+900 3x( 3.00x 3.00) 43.83 4,23 3 SC 8
2 Km 021+150 Ix{ 3.00x 3.00) 46.75 5.55 F 9
In this table:
- SP : Poorly graded sand. - SC-SM : Silty clayey sand.
- 5C : Sandy clay. - SW : Well graded sand.
CL : Low plasticity clay.
B B B e
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6.2.2Estimate bearing capacity formula
- Beating resistance of soil will be estimated by theoretical method.
- Most of the bearing layer at Box culvert location on PIKG 3B are sand and sand with clay.

The soil is loose and stifT, the soils are not enough strengih to get undisturbed cores and don't

have testing result for the unconfined compressive strength qu. Therefore qu value maybe estimated by
SPT value.

- The bearing resistance of ¢cohesionless soils:

Quit1 = O:SQVBCwlNym,lo_g + g)’szDqumiO—g

In which
Dy = footing depth ~ (mm)
y= Density of soil (kg/m®)
B= Footing width ~ (mm)
Cui,Cha = Coefficients as specified in table 1 as a function of D, (DIM)
D, = Depth to water surface taken from the ground surface (mm)
Ngm = Modified bearing capacity factor (DIM)
Table 1: Coefficients C,, and C,,; for various groundwater depths

Dy, Cwi Cin

0 0.50 0.50

D¢ 0.50 1.00

> 1.5B+Dy 1.00 1.00

- The bearing capacity factors Ny, and N, may be taken as:
Non=™  Nysyeyly

Ngm= NgSqCqigtly

In which

Ny= Bearing capacity factor as specified in table 10.6.3.1.2¢-2 for footings on
relatively level ground (DIM)

Ny = Bearing capacity factor as specified in table 10.6.3.1.2¢-2 for relatively level
ground (DIM)

Sq» Sy Shape factors specified in tables 10.6.3.1.2¢-3 & 4 respectively (DIM)

Cqs G Soil comprressibility factors specified in table 10.6,3.1,2¢-5 & 6 (DIM)

g, iy= Load inclination factors specified on table 10.6.3.1.2¢-7 & 8 {DIM)

dq = Depth factor specified in table 10.6.3.1.2¢-9  (DIM)
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NK-NE-Chodai-TEC




Consulting Services forDetalled Design for
Danang- Quanghgai Expressway Devel
ARSI R R

B

The bearing resistance of saturated clays will be estimated by formula:
Quirz = Ny + gnyqulO_-g

In which;
The bearing capacity factors Ng,, and Ny, may be taken as:
e ForDyB <25 B/L<land H/V<04

Nem = Ne[1+0,2D,/B][1 + 0,2B/L][1 — 1,3H V] (10.6.3.1.2b-2)

e ForDyB>2.5 and H/V < 0.4

New = N [1+ 0,2B/L][1 - 1,3H/V] (10.6.3.1.2b-3)
Ne = 5,0 for use in equation 2 on relatively level soil

= 7,5 for use in equation 2 on relatively level soil
Ngn = 1.0 for saturated clay and relatively level ground surface

= 0.0 for footing on sloping ground or adjacent to sloping ground

Dy Footing depth  (mm)

v = Density of soil (kg/m’)

¢=58,= undrained shear strength (Mpa)

In here the undrained shear strength of clay will be estimated from SPT value. Terzaghi and
peck formula is used:

i

S, = 0,5 ¢, = 0,5kN.107 =6.N.107
+ The factor k=12
N = SPT value
Sy = undrained compression strength (Mpa)
qu = drain compression strength (Mpa)
The result of bearing capacity of each culvert showed on Table 6.4.

6.2.3Estimate maximum stress at bottom of culvert

Maximum stress at bottom of box culvert may be determined:
Quax =ZV.(1+6*M/(V.B")/(B’.L)

In which:
XV = Tatal vertical load apllied to box culvert
M = The moment due to horizontal force of surcharge load.
B* = The effective width of box culvert
B'=B-2M/V
B = Width of box culvert
L = Length of culvert

The result of maximuimn stress of each culvert showed on Table 6.5.
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Dich vy tw viin thiét ké ky thuft
Dy dn dwdng cao téc P Ning — Qudn
T i PSR i

g Ngdi
A TR B

e

Muyc Inc
1 Téng quan
1.1 Diic diém chinh ciia cdc ebng hip thue Goi thiu 3B
1.1.1 Danh myc céng hp thude Goi thiu 3B
L.1.1.1 Cdng hip thest nuée ngang
1.1.2 M3t bing dién hinh
1.1.2.1 Céng hgp thodt nwée ngang
1.2 So fuge vé phuong phip thit Ié
1.2.1 Thiét ké dién hinh
1,2.2 Phiin nhém
1.2.2.1 Thiét ké Nhém cho céng hgp thedit nwée ngang
1.2.2.2 Thiét Ié Nh6m cho chng chui
1.2.3 Tinh todn két cAiu va b trf ebt thép
2 Tiéu chuin thidt ké
3 Phuong phap thidt ké
3.1 Trgng thai gidi han
3.2 H¢ s6 didu chinh tai trong
3.3 Hg 6 sire khang
3.4 Tii trong va t6 hep tii trong
3.4.1 T&i trong
3.4,1.1 Tinh tii
3.4.1.2 Hoat tdi vi lye xung kich (lye ddng) cho phép
3.4.1.3 Tii trong nwde va Ap lye dong chiy: WA
3.4.1.4 Ap lye dit: EH
3.4.1.5 Chéit tii: LS
342TH hop tii trong:
3.5 Nguyén tiic thiét ké cho tirng trang thai gibi hian
3.5.1 Trang thai gidi hgn codag dj
3.5.1.1 So dd thiét ké cho trang thai giéi han ewdng dp
3.5.1.2 Céng thic tinh to4n udn
3.5.1.3 So b thibt ké sie ciit
3.5.2 Trang thai giét han sit dyng
3.5.2.1 D6i v6i chu kifn bé tong c6t thép
4 Diic tinh vat ligu:
4.1 Bé tong
4.2 C6t thép
5 Hg s6 phén lue chiu tii eda 16p subgrade
6 Két qua thiét 1é
6.1 Tom tat két qua thiét ké
6.2 Kha nfing chiu tai
6.2.1 Théng sb ddt:
6.2.2 Cong thirc wée tinh khi niing chiu tai

6.2,3 Tinh toAn tng suft i da tai ddy cbng
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Dich vy tw viin thiét k& kj thugt
Dy dn duding cao toc £a Néng — Qudng Ngdi
st e o

i

Bdng tinh
N B v S SO

1 Téng quan
1.1 Béc diém chinh cta cdc cong hdp thubc Goi thiu 3B

1.1.1 Danh myc cdéng hép thudc G6i thédu 3B
1.1.1.1C8ng hép thodt nwdc ngang

Bang 1.1: Danh myc ¢éng hop thodt nude ngang thude Goi 3B

Kich Chiéu
T Ly trinh thude | e | 20 9aP | Chicu
: (BxH) dattrén | dai(m)
{m} céng(m)
020+900 3-(3.0x3.0) 90 4.23 43.83
2 021+150 1-(3.0x3.0) 90 5.55 56.75

1.1.2 Mt bdng dién hinh
1.1.2.1Céng hép thodt nwdc ngang

KA10+140.00
ISCALE: VisD)

<0e 3
KUl

!
VN

bE 18Ra EFuLOp TS, fxiocu
o

E lauroag arose reigcu
Mnlunlu,nmﬂl
PR S N P SR

an|mn| 0 lmm[s«|-
2 an

I

)

], 242 Ll "

P 7

CULYERT PLAH {SCALE: 1/250) |
MAT BANG (T LE 11250)

Hinhl.1: Mgt bang dién hinh ciia cong hdp thodt nirée ngang

1.250 lurgre vé phwong phép thiét ké
1.2.1 Thiét ké dién hinh

- Thiét ké didn hinh s& dugc trinh bay cho cbng hép trén tiét dign danh dinh, cbng hop dit &

tAng chiu lyc do I16n so véi Gng sudt tinh toan ton nhét tai ddy cdng.

- Cbng hop.trén ndn dét yéu s& duge xem xét riéng,

1.2.2 Phdn nhém
Trén tuyén dudng cao tbe Da Ning — Quang Ngai ¢6 khoang 300céng hop gdm hai loai: cong hop
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Dich vy tw viin thigt ké ky thugt
Dy dn dutng cao toc DY Ndng — Qudng Ngdi Béng tinh
e s R B A T e T SR

%

CRrEd

5474

thodt nudc ngang va cdng chui, M8i céng cé sé cira ebng, kich thude va chidu cao ddp dét trén
cbng...khéc nhau. Két cdu cdng duge xem xét thiét ké nhom phy thude vao céc thong sb dudi day va
mét sb trudng hop dic bigt s& duge xem xét riéng. Kha ning chiu lyc clia dit tai day cong s& dugce
xem xét riéng,

1.2.2.1 Thiét ké Nhom cho cng hdp thodt nwdc ngang

Céc nhom duge xdc dinh qua xem xét cdc hang myc sau:
- 86 clra cong cia cng hop
- Kich thude cdng hop
- Chiéu cao dép dét trén cbng.
Bang 1.3: Thiét ké Nhom cho cbng hop thoat nude ngang ( phén nhém cho toan dy én)

Kich thwde Kich thwée
Nhém Chidu cao dip Nhom Chiéu cao dip
Régng x Cao . Bé day Rgng x Cao ) . Bé day
daat trén cbng dfit trén cbng
W x H {(m} (m) {mm) Wx H{m) (m}) {mm)
0.6>H 220 0.6>H 220
1 15x1.5 0.6<H<45 220 7 2(1.5x 1.5) 0.6<H<45 220
4.5<H<9.0 250 4.5<H<90 250
0.6>H 220 0.6>H 220
2 2.0xL.5 0.6 <H<45 220 8 2(2.0 x1.5) 0.6 <H <45 220
45<H<9.0 250 4.5<H<90 250
0.6>H 250 0.6>H 250
3 20x2.0 0.6<H<45 250 9 2(2.0x2.0) 0.6 <<45 250
4.5 <M <9.0 300 4.5<H=<90 300
0.6>H 300 0.6> 11 300
0.6<I1<45 300 0.6<H<45 300
4 25x25 10 2(2.5x2.5)
45 <H<9.0 300 4.5<11<90 300
9.0 <H<12.0 400 90<H<12.0 400
0.6>H 300 06>H 300
5 3.0x 2.0 0.6<H<45 300 11 2(3.0x 2,0} 0.6 <H<45 300
45<H<90 300 4.5<H<90 300
0.6>H 350 0.6>H 350
0.6<H<45 350 0.6<H<45 350
6 3.0x3.0 4.5 <H<9.0 400 12 2(3.0x3.0) 45<H<9.0 400
9.0<H<12.0 450 9.0<H<12,0 450
H>12.0 450 H>12.0 450

o n: 86 cira cong ciia céng hdp tir 2 tré lén.
o Qua xem xét thdy lyc bén trong ciia cong 2 cira vé cdng nhidu civa I khong khdc nhau, do do
cdng 3 cira dige thiét ké thanh 2 civa dé dam béo an todn.
1.2.2.2Thiét k& Nhém cho cbng chui
Nhom duge xde dinh qua xem x€t cde hang myc sau:
- Sb cira cbng ciia cdng chui
- Kich thude cong
- Chiéu cao dip dét trén cong
- Hoat tai thiét ké cia dudng ngang (vl dy: 0.65ML93, 0.5 HLY3...)

A R S R R R D S R
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Dich vy tuw viin thiét k& ki thudt
dudng cao téc & Ndng

S

Bang 1.4: Thiét k& nhom cho cdng chui (phin nhém cho toan dy 4n)

Hoat tii trén dud
Kich thude oat tai trén dudng
ngang
. Bé da
Nhém Chidu cao dip ‘ £y , Tai trong
Ring Cao _ L Diuh . Théanh 86 lan 22
dét trén cong . Ddiy hgp . thiét ké
{m) (m) (m) hip h§p
(mim) (mm) {mm}) (lan)
. 30 - H<0,6 350 400 350 | 0.5 HLO3
’ ’ 0.6<H<4.5 350 400 350 '
2 4,0 3,0 H<06 400 40 409 1 0.65 HL93
' ’ 0.6<H<45 400 450 400 ‘
3 5,0 3,5 H <00 450 500 450 i 0.65 HL93
’ ’ 0.6<H<45% 450 500 450 '
H <06 450 500 450
4 5,0 4,0 1 0.65 HL93
- 0.6<H<45 450 500 450

Hoat tdi thiét ké ap dung cho dwong ngang dya trén Bién ban ghi nhé cuge hop gitia PMUSS, Tu
vin F/S var Tur vin DID vao ngay 27/8/2012
- Hé 8 tdi trong tryc trén duong cdp V va thdp hon phdi ép dung cdc hé 56 sau ddy theo quy dinh
tai muc 3.6.1.2.3 ciia tiéu chudn 22 TCN 272-05.
+ Cdp V dén logi B: 0.65.
+ Logi C: 0.50.
1.2.3 Tinh todn két céiu va b4 tri cot thép
- K&t chu dién hinh s& duge tinh toan cd tham chiéu loai cong hop néu trén.
- Cong hop trén nén dét yéu s& duge xem xét rigng, Néu nd khong anh hudng nhiéu dén lyc
bén trong. B4 tri cbt thép va két cAu s& duge ap dung cho két chu dién hinh.
2 Tiéu chudn thiét ké
- Cte két chu chng hop phai duge thiét ké theo trang thai gici han quy dinh trong Tiéu chuén Vigt
Nam 22 TCN 272-05 theo ding ¢dng vin sé DQEDD PMU 85-99-13 ngay 26/02/2013.
- Cbt thép phai tudn theo tidu chudn TCVN1651 — 2008,
3 Phwong phdp thiét ké
3.1 Trang thdi gigi hgn
Céc két cAu cdu phai dugce kidm tra theo céc trang thai gioi han dugi day va moi trang thai gidi
han phai dugce coi trong nhu nhau
»  Trang thai giéi han cudng do
»  Trang thdi gidi han sit dung

3.2Hé 56 diéu chinh tai trongn

Két céu phin trén cla cau phai théa mén Eq.1 voi mBi trang thai giGi han, i khi duge quy dinh
khac. Déi v6i trang thai gi6i han sit dung va trang thai gidi han dac biét, hé so stic khang duge 1dy
béng 1.0,

Qs 4R, =R, (Eg.1)
Mp= 1.00 (ddi véi tinh déo).

Nr = 1.00 (dbi véi tinh du).
m = 1.00 (dbi véi thm quan trong trong khai thac).

B T T B R T R e s L
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Dich vu tw viin thiét k& ki thugt
Dy dn durimg coo t8c B Ning — Qudng Ngdi Bdng tinh
L s B R B R

3.3Hé 56 sirc khdng g

Hé s sirc khang duge thé hign & dudi day. Dbi vai trang thai giéi han dic biét va trang thai giéi
han st dung, hé sé stic khang ¢ 14 1.00.
Bang 3.1: Hé sb stic khang ¢

Reinferced

0.90 0.90 0.75 0.70 0.30 1.00
Concrate

* Dbl véi trang thai gi¢i han st dung va trang thai gidi han dic biét, ¢=1.00

* Tham khdo tiéu chuén Viét Nam “Tiéu chudn thiét ké cdu 22TCN-272-05”
D6i v6i cac cdu kign nén chiju ubn, gia trj @ c6 thé tang tuyén tinh dén gia trj dd udn nhu 14 sirc khéng
tai trong tryc tinh todn, @P,, gidm tiy 0.10f°;A, xuéng 0.
3.4Tdi trong v té hgp tdi trong
3.4.1Tdi trong
3.4.1.1Tinh tdi

Tinh tai ctia cdc thanh phin két cdu va cdu kién khong két cdu (DC) duge tinh todn sir dung cdc
khéi lugng riéng dudi déy:
Bang 3.2: Khéi lugng riéng cha vat ligu

Khéi lugng Trong lugng
TT Vit ligu riéng riéng
(kg/m®) (kN/m?)
1 | Bé tdng thé 2400 23.5
2 | Bé tong cbt thép tng lyc trude 2500 24.5
3 | Mit dudng Asphalt 2250 22.0

* Khoi lupng riéng cua vit ligu dya theo Ligu chudin 22TCN-272-05.
3.4.1.2Hogt tai va lye xung kich (fy'c ddng) cho phép

Hoat tdi va lyc xung kich cho phép dua theo Muc 3.6.1 va 3.6.2 cia tiéu chudn
22TCN-272-05.

Cée yéu cdu dudi day duge ap dung cho thiét ké két chu cong thoat nude.
~ Trong trudng hop dip dit trén dinh cong dudi 0,60m, tai trong banh xe cin duge dit truc tiép
trén cdng (khong phai 13 tai trong phéin bd).
- Trong tl‘u'éng hop dép dat trén dinh cbng qud 0,60m, tai trong banh xe tic dyng 1én cng la
khdng ddng ké.
> Hoaqt i xe thiét ké X ]
Hoat tai xe (HL-93) s& gbm mét t6 hop cla:
»  Xe tai thiét ké
»  Xe hai tryc thiét ké
»  Tai trong lan thiét ké

e B B o G D P B e R
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Dich vy tw viin thist ké ki thuat

Dy dn duwomg coo te D4 Ndng — Quing Nodi Bdng tinh
b AR T Lyt S LA

1¢

i [ [ 800 mm General————[> 1800 mm
35000N 145 000N 145 000N 300mm Deck Overhang
| 4200mm | 4300 10 9000 mm |

Ghi chd: d81 véi tdi trong méi, khoang céch gitka hai truc 145kN phdi ludn 13 9000mm

Xe tdi thict ké

Yy v h 4 9.3N/mm/3000mm rong {1 lan thiét k&)
110%N| 110N

}SOUmn
1200mm Lqn thiét ké 3500mm l l v v \l' \l' l Vl/ ‘lf

)
pa
<
&
-

PN
Xe hai tryc thide ké Téi trong lin thiét k¢
Tac dung lue 16n nhat phai duge 14y 16n nhy sau:
»  Téc dung chia Xe hai tryc thiét k& va Tai trong lan thiét ké

»  Téc dung ciia Xe tai thiét ké c6 khoang cach truc thay ddi va Tai trong lan thiét ké.

»  Lyc xung kich cho phép: IM
Luc xung kich cho phép (tink biing %) d6i v&i cdng duoe [dy bing
IM = 33(1-4.1x10™D> 0%

»  Lyc him: BR
Lyc ham duge lay béng 25% clia trong lugng cac truc xe tai hay xe hai truc thiét ké cho m3i lan
dat trong tat ¢ cac lan thiét ké durge chét tai trong ciing mét chidu. Ngoai ra, tdt ca cac lan thiét ké phai
dugc chat tai ddng thdi doi voi cdu va coi nhu di cing mdt chiéu trong tuong lai.

===
ionl OGO [
Roadway Surface

Tt ca cac lue nay duge coi I3 the dung theo chidu nim ngang cach phia trén mit dudng 1800m
theo ca chidu doc @& gy ra ing luc 16n nht. Phai 4p dung céc hé sb quy dinh.

3.4.1.3T6i trong nwdc va dp luc dong chay: WA
- Ap lyc nude khong gay anh hudng bét Igi cho két cdu, do d6 s& khéng duge xem xét,
3.4.1.44p lwe dat: EH
Gid trj p lue dét duge gia dinh k ty 18 tuyén tinh voi db sdu clia dét va ldy bang:
Ph = Ka.y,.g.2.10” (3.11.5.1-1)

Trong dé: Ground level

Py, : 4p luc ngang cia dht tai dd sfuctaZ (N/mmz)
+ Ap lyc bén coa dit tac dung 18n ban nhu trong hinh

1800 mm

E*
R
;U
o

Py'= Ky *ys*g*hy #107
Pul= Koy g*(H+hy)* 107
Trong H %
N .
do: %
- Py : 4p lye ngang cha dat (N/mm) | %,2 ‘ P2

!
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Dijch vy tir véin thit k€ k¢ thugit
Du’ dn dw&ng cao toc Dd' N&ng Qudng Ngdi

- B&ng tfnh

- K, hé s6 ap lyc cha dong clia dit

-gs :khdi lugng ridng ciia dét

(kg/m3)

-g :giatbe trong luc (in/s?)

- =30" : géc ma sat trong

-h; : chidu cao ddp dét tir dinh cdng hop (mm)
-H :téng chidu cao cbng hdp (mm)

3.4.1.5Chdt téi: LS

Tai vj tri ¢6 chat tai, ap lye ngang khdng dbi cta dit phai duge bd sung vao ap luc dit co sé. Ap
luc dit khong dbi c6 thé lay bang:

Dp=k.ys.g.heq. 10 ?
Trong do:
Dp = 4p lyc ngang khong dbicta dit do chit tai phan bd ddu (Mpa)
k= hé sb ap luc dit
¥s = khéi lugng riéng caa dét (kg/m3)
heg = chidu cao clia dit twong duong véi xe tai thiét ké (mm).

Wall height{mm) heq (mm)
<1500 1700
3000 1200
6000 760
= 9000 810

3.4.2T8 hep tdi trong: _
Bang 3.3:Tb hop tai trong va hé sb tai trong

Trang théi Mark | Str.I-A | St. 1B | Str.1C ”SIt_‘A Str, 111-B | Se";”ce
| Tai trong tinh cua két cdu DC 1.25 1.25 0.90 0.90 1.25 1.00
| Tai trong tinh cta 16p 40 DW 1.50 1.50 0.65 0.65 .50 1.00
Ap lye dit doc EV £.30 1.30 0.90 0.90 1.30 1.00
Ap lyc dit ngang EH 1.50 0.90 1.50 1.50 1.50 1.00
Tai trong dong LL 1.75 1.75 1,75 1.35 1.35 1.00
Gia tai cho tai trong déng LS 1.75 1.75 1.75 1.35 1.35 1.00

Trong do :

DC- Tai trong tinh cho céc cAu kign cia két ciu va cdc phin di kém khong phai 1a két cu;
DW ~Tai trong tinh bd sung

LL ~Tai trong déng EV-Ap lyc dit doc

IM —cho phép tai trong dfng cha xe; EH-Ap luc dit ngang

3.5Nguyén tic thiét ké cho tirng trang thdi gici han

3.5.1Trang thai gioi hgn cudong do
3.5.1.1S0 d3 thiét ké cho trang thdi gidi han cuwdng do
So db thiét ké cho-trang thdi gioi han cudng dé duge trinh bay dudi day:
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Djch vy tw viin thiét ké ky thudt

Dy dn dudng cao téc Dd Ndng — Qudng Ngdi Bdng tinh

TARREE

Charnge Ssction Dimangions, tandon
arrangament or rsbar arrengement
Start 2 g

calculation of Nominal Resistance R,

Flaxure : 5.7 Dagign for frexural and axial force sffects
Shaar : 5.8 8hear and torgion Mo
in 22TCN-272-05

nyQ=gR =R,

YES
2

End ' Y1, v and é are referto 2.1 and 2.2

Hinh 3.1:So db thiét ké cho trang thai gidi han cudng do
3.5.1.2Céng thirc tinh todn uén

Strc khang udn danh dinh:

M, = Ap,fps(dp - ’“3) r AL (da - %) - A;f;[ ds—g] +0.850(b-b, )8, (-‘fi - %,]

2
Trong d6:
Ay : dién tich thép du tng lyc (MM2)
fis : cuong do trung binl trong thép dy tng lye tai st khang udn danh dinh
dy : khodng cach tir sgi nén dén 15i cép du tmg luc (mm)
A, : dién tich ciia phin gia cb cing kéo khong du ting lyc (mm2)
fy : cudng d6 chéy quy dinh cia thanh cbt thép (MPa)
ds : khoang céch tir soi nén dén gia c6 caing kéo khong du ving lyc (mm)
A’ : dién tich gia cb nén khong dy ang [ (mm?)
ry : cudng d6 chay quy dinh cia thanh gia ¢b nén (MPa)
d’s : khoadng cach tlr soi nén dén gia ¢b ciing kéo khéng dy Gng lyc (mm)
P : cuong d6 nén quy dinh ctia bé tdng cho 28 ngay (MPa)
b . bé rong mit nén clia ciu kién (mim)
b, - bé rong bung hodic duong kinh ctia doan cong (mm)
B : hé s8 khéi dy tng lyc
hy : chidu sdu canh nén clia cc cAu kién I hodc T (mm)
a : ¢.By ; chidu sau khdi dy tng lye twong duong (mm)
R A A R S
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Dich vy twr véin thiét k€ ky thugt
Dy dn dudng cao tdc Do Nédng — Quing Ngdi Béng tinh
B B S B

3.5.1.35¢ db thiét ké sic cdt

Catculate effeciive shear dapth d, and sifective wioth b,

|

Calculate vertical componant of prastress Vg

Caiculate shear siress v and shear siress ratio wi,’

*

14 M_»m’

q 0.25 Mo . Change zection dimension

' .Yas

Calculate shear force providsd by concrete Ve

Catculate effective value of prestress f.

}

Azsunte value of i znd caloutate value of g, ey

!

Take value of (s from ey value in 13hie 5.8.3.4.2-1 or 2 and caiculate sy

:

Take value of Oz from ngy value in iable 5.8.3.4 2.1 or 2 and calculale g;

B |

<’f TR L : No
| £ale| ek ‘:9013“?5;’"% e

.ﬂ‘\-"‘“‘“-a.,, e

T
Take value of [ rom (y and 0z in table

}

V, = 0.083 ﬁJ;g—' d, 8,

Mo

V1056V,

Yas

Arnourd Minimuny srea of transverse rainforcamaent

A, = 00831, %3 i
¥

Calculaie transverse reinforcemsni

¥

K&t thic

Xem trang sau

T B B B D R O R S T B T
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Dijch vy tur viin thiét K& ki thugt
D dn duwding cao t6c £4 Ning - Qudng Ngéi Bdng tinh
B ; i AR S P FT R

Hinh 3.2:: So dd thiét ké ste ¢t (1/2)

Caleulate transverae reinforcement for shear farce

Shear fotce V, provided by fransverse reinforcement

reqgV, = %—1@ -V,

Calculate required tranaverse reinforcement

reqV,
e i A
W= T, oot

L

Varify nominal shear resisiance
1. Effective area of shear reinforcement V2V, ViegV,

2. Shear foree provided by concrete  Agmm’am)

3. Component of prastress force in direction of shear force vy

Afd, cot
4. Shear foree provided by shear reinforcement Vg = m

V=V VY,

V?=d|\{n

Két thiic

Hinh 3.3:So db thiét ké s cit (2/2)
3.5.2Trgng thdi gidi han s& dyng
3.5.2.1D6i vdi cGu kién bé tdng c6t thép

a. Céc gioi han tng sufit kéo cho mijt edt nguyén
Bang 4.5.2.1-1; Giét han dng sudt kéo cho mat ciit nguyén

Diéu kién Ung suit kéo gi6i han (Mpa)
Trang thai thi cong 80% cua 0.63 £,
Trang thai hoan thign 80% cita 0.63 £'.>°

Trong d6:
+ f,;: 1a Gng sudt nén cha bé (6ng tai thoi diém tinh toén,
+ £, : 12 ing suét nén ciia bé tong tai thi didm 28 ngay.

B S B
NK-NE-Chodal-TEC




Djch vy tur viin thiét k€ ky thuft
Dy dn dutng cao toc i Ndng — Qudng Ngdi
S pk i LG E

.....

_ Bdng tinh

b.  So dd thiét Ié tpi trang thai siv dung

C Bét diu )

o
k|

Thay d8i kich thudc mat cit
ho#c b trl thanh cbt thép

h 4

Cé / Ung sudt clia mét cit nguyén béng
80% hodic nho hon md dun phé hogi.

Khong

Ung sufit trong thanh cét thép nho Khong
hon trng sudt gidi han ctia vét nat.

Co

h

( KET THUC )

Hinh 3.4: So db thiét ké tai trang thai sit dung

¢.  Khdng ché nirt

Cac cdu kién phai duge céu tao sao cho ing sudt kéo trong cbt thép thuong & trang thai gidi han
st dyng fsa khdng vugt qua nhu dudi ddy, xdc dinh theo 22TCN272-05 5.7.3.4-1:

Z
i 0,61))

f<min{ f, = m)—‘

Trong dd:

d. = chiéu cao phén bé tdng tinh tir the chju kéo ngoai cliing cho dén tAm cla thanh hay
soi dit gAn nhit; nhiim muyc dich tinh toan phai 14y chiéu day tinh cla 16p bé tong bao
vé d, khong duge 16n hon 50mm.

A = diéntich phan bé téng ¢6 ciing trong tam véi ¢bt thép chi chiu kéo va duge bao bai
céc mit clia mat cit ngang va dudng théing song song v4i tryc trung hoa, chia cho 56
itrgng clia céc thanh hay soi (mm?); nhdm myc dich tinh todn, phai 14y chiéu day tinh
ciia 16p bé tdng bao vé khdng duge 16n hon 50mm.

Z = thong sb bé rong nirt (N/mm)

+ 7= 17500(N/mn) déi véi cac kbt chu vaii dudi dat.

ekt L T
NK-NE-Chodai-TEC



Dich vy tw véin thiét ké kJf thu@t
Dy dn dudng cao toc Dd Ndng — Qudng Ngdi
b Ry R

Bang tinh

T W S

4  Ddc tinh vt liéu:
4.1Bé téng
Gia dinh st dung bé tdng méc f’c=25MPa (Bé tong loai: C25) cho céng hop, tudng cdnh trong
thiét ké. Cudmng do bé tong, "¢, cin ¢l trén co s& cudng dd nén mau hinh try 28 ngay.
Bang4.1D{c tinh bé tong

Ky Dbi véi mé, try, Céng thie
TT Hang muc . N
hiéu coc khoan nhéi
I | Cudng d) nén 28 ngay f'c 25 Mpa
2 | M6 dun dan hdi Ec 26,875 MPa | E.=0.043y,*(fc)**
3 | Mé dun ph4 hogi fr 3.15MPa Fr=0.63(f’c)**
4 | Hé sb gian nd nhiét o 10.8 x 10°%deg
5 | Hé sb Poisson - 0.2

*Dudng cong ting sudt-bién dang dwgc Igp trén co 56 liéu chudn 22TCN-272-05.

4.2C6t thép
- COt thép:
+  Cudng do cdt thép theo tidu chudn TCVNI651 - 2008
+  C6t thép tron(CB300-T) : f,y = 300 MPa.
+  Cht thép c6 g (CB400-V) : f,, = 400 Mpa
+ M6 dun dan héi : Es = 200000 Mpa.

5  Hé sd phén.lyc chiu tai cha I6p subgrade
Hé s6 phan luc nén dugc xac dinh trén co sé “Nguyén thc ky thuat nén mong”.
Néu méng ¢6 bé rong B, chiu 1 lyc tai trong tdc dyng trén mot don vi dién tich q, mong s& chiju dé linA.

Hé s6 md dun nén cé thé duge xdc dinh nhu sau: k=q/A

- Web of culvirt

| 8 >| —
= |
E
/ Pottomslab?
% !
. L -—)
= T T
f i T T4
K4 K K:g Ke !

Hinh 5.1: M6 hinh hé 56 phan lyc nén
+ Moéng vudng:
Péi véi méng dit trén dit cat:
ks = ko3 ((B+0.3)/ 2BY
D41 v6i méng dit trén dAt sét:
ke = ko3 {(0.3/B)
+ Méng chi nhét
ke= ks (1+0.5B/L)/ 1.5

Trong d6:
-k © Hé sb md dun nén clia méng vudng BxB (m) (kN/m3).
-k © Hé sé m6 dun nén clia méng chir nhit LxB(m) (kN/m3).

- kos: Hé sdmé dun nén ciia méng 0.3x0.3(m) (kN/m3).
- B . Chiéu réng méng (m).
- L . Chiéu dai méng (m).

G REE N iR LA
NK-NE-Chodai-TEC




Dich vy tur viin thiét k€ k§ thudit

ARG

Gia trj ko3 d61 voi dt cat va sét duge thé hién trong bang dudi ddy:

R

S R

_Bdng tinh

Dt cét Sét
(Khé hodc am) Bio hoa
Roi 8-25 MN/m® 10-15 | MN/m® | Quéanh 12-25 MN/m’
Chit vira 25-125 MN/m® | 35-40 | MN/m® | Rét quanh 35-40 MN/m®
Chit 125-375 MN/m® | 130-150 | MN/m® | Cung >50 MN/m’
+ H¢ sb phéiin lyc cita 16p nén subgrade
- L= Chidu dai tinh todn cia cbng (m)
- B =Chiéu rong tinh toan ctia céng (m)
- k03 = Hé s6 nén cia mong 0.3x0.3(m) ko3 = 25MN/m3
Dét cdt Sét
. B L ko3
TT | Kich thudc 5 I k, ks k, ] k, Ky
(m) (m) [ (MN/m) ) X X ) 3 ;
(KN/m™) | (,N/m) | (kNP | (KINAeY) | (m) | (kINAmT) | (KINZmn)
Céng hdp thodt nuée ngang
I 1x(1.5x1.5) | 1,94 1,00 25,00 8332 8332 3866 5077 0,32 1347 2694
2 | Tx(2.0x1.5) | 2,44 1,00 25,00 7881 7881 3074 4549 0,61 2404 4808
3 | Ix(2.0x2.0) | 2,50 1,00 25,00 7840 7840 3000 4500 0,50 1960 3920
4 1 Ix(2.5x2.5) | 3,00 1,00 25,00 7563 7563 2500 4167 0,60 2269 4538
5 1 1x(3.0x2.0) | 3,60 1,00 25,00 7335 7335 2083 3889 0,60 2201 4401
6 | 1x(3.0x3.0) | 3,70 1,00 25,00 7305 7305 2027 3851 0,62 2252 4505
7 | 2x(1.5x1.5) | 3,66 1,00 25,00 7317 7317 2049 3866 0,46 1674 3347
8 | 2x(2.0x1.5) | 4,66 1,00 25,00 7081 7081 1609 3573 0,58 2062 4124
9 | 2x(2.0x2.0) | 4,75 1,00 25,00 7064 7064 1579 3553 0,59 2097 4194
10 | 2x(2.5x2.5) 5,90 1,00 25,00 6902 6902 1271 3347 0,49 1697 3393
11 | 2x(3.0x2.0) { 6,90 1,00 25,00 6805 6805 1087 3225 0,58 1957 3913
12 | 2x{3.0x3.0) | 7,05 1,00 25,00 6793 6793 1064 3209 0,59 1996 3991

3 day, hé sb nén cia mong k03 14 25 d6i voi cat chit viva va sét clng.

Khi phan tich két cAu, hé sb cua cat gdy anh hudng tiéu cyc cho két cAu.

Hé sb cao su ¢& nhap vao phin mém duot chia theo s (n) theo cong thire dudi day

Kl =

K2 = kr#*L*s

0.5%kr*s

{kN/m)
(kN/m)

T T A O S O A R R A R
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Dich vy tw véin thiét ké ki thudt
Dy dn duedy f il

B e L
6 KEét quad thiét ké
6.1 Tom tat két qua thiét ké

Bang 6.1: Tém tit két qué thiét ké cdng hdp thoat nude

__Bdng tinh

Kich thwéc Chiél.j " Nhé’f’ i
T Ly trinh (BxH) G60(dd) cao d?p Ch.leu détfiép LO?I dét
) dattrén | dai(m) trén chju tai
céng(m) cong(m)
1 020+900 3-(3.0x3.0) 90 423 43.83 0.6-4.5 Thuwdng
2 021+150 1-{3.0x3.0) 90 5.55 56.75 4,5-9.0 Thwong

6.2Kha ndng chiu tai
6.2.1Théng sé dat:
Danh gia vé didu kién dia chit tai vi tri cbng hdp thudce g6i thiu 3B:

Tai vi tri cbng hop thude goi thau 3B, hiu hét 16p chiu tai 1a cat va cat pha sét, gid tri SPT tir 6
dén 23 bha/30cm.
Bang 6.3: Bdc tinh dit tai vi tri cdng hdp thudc gdi thiu 3B

pit (‘Iﬁp L
Kich thuéc (m) oz Ldép chiju tai
Ly trinh trén cong
B Cia Rfng Cao Dai (m) (m) Tén Loai dit | Gid trj SPT
Céng hop thodt nwde ngang
l Km 0204900 3x( 3.00x  3.00) 43.83 4.23 3 SC 8
2 Kim 021+150 Ix{ 3.00x 3.00) 46.75 5.55 F 9
Trong bang nay:

- SPp : Cat cdp phéi kém. - SC-SM: Cat pha sét bui,

- 8C : Sét pha cat. - SW :Catcdp phoitot.

- CL ' Sét {t déo.

6.2.2Céng thirc wore tinh kha nédng chju tdi
- Sirc khéng d& cha dit s& duge ude tinh theo phuong phép 1y thuyét.
- Tai vi tri céng hdp thude goi thdu 3B, hiu hét [6p chiu tai 13 cét va ¢4t pha sét.
Dét toi va cing, khong di chic dé 13y 161 nguyén trang va khong thu duoc két qua thi nghiém cudng do
nén né hong qu. Do dé gia tri qu cé thé dugc ude tinh theo gia trj SPT,

- Stic khang d& cuia dét roi:

Quinn = OrSQ}’BCwlNynl,10~9 + gyCWszqul()"g

Trong do

Dy = Chidu sdu dé méng  (mm)

= Dung trong ciia dét (kg/m®)

B= Chidu rong dé méng  (mm)

Cy,Chr = Cée hé sb duge quy dinh trong bang 1 1a ham ctia Dy, (DIM)
D, = Chiéu sdu dén myc nude tinh tir mgt dét (mm)

Ny = Hé sb kha néng chiu tai da didu chinh (DIM)




Dich vy tw viin thigt k€ ky thudt

D dn duding cao téc Do Ndng — Qudng Ngdi

Bdng tinh

Bang 1: Céc hé s6 Cyva Cyacho cée chidu su nude ngdm khac nhay

Dy, Cuwl Cwi
0 0.50 0.50
Dy 0.50 1.00
> 1.5B+D¢ 1.00 1.00

- Hé s6 kha nang chju tai Ny, va Ng,c6 thé duge 14y nhu sau:

Nym = NysyCyly

Ngm=  NgSqCqiqdq

Trong do

N,= H¢é sb kha ning chiu tai theo quy dinh trong Bang 10.6.3.1.2¢-2 déi voi moéng dt
trén n&n dit tuong ddi bang (DIM)

Ng = H& sb kha néing chiu tai theo quy dinh trong Bang 10.6.3.1.2¢-2 6i v&i nén dit
tuong ddi bing (DIM)

Sq» Sy= Céc hé s6 hinh dang duge quy dinh trong céc bang 10.6.3.1.2¢-3 & 4(DIM)

Cq, T~ Céc hé s6 nén lan cta dét duge quy dinh trong bang 10.6.3.1.2¢-5 & 6 (DIM)

. Céc hé sb xét d§ nghiéng cla tai trong dugc quy dinh trong bang 10.6.3.1.2¢-7 & 8

v (DIM)

d, = & s6 406 séu duge quy dinh trong bang 10.6.3.1.2¢-9(DIM)

Sue khang d& cla sét bo hoa s& duge ude tinh theo cong thirc sau:

Quiea = Nem,t gnyqu:lO_g

Trong do:
Hé s kha néng chju tai Nep, va Ny, duge léy nhur sau:

T R S R B T R A R

VoiDYB <25, B/L<lvaH/V<04
Nem = N[1+0,2D;/B][1+0,2B/L][1 - 1,3H/V] (10.6.3.1.2b-2)

Véi DyB > 2.5, va H/V < 0.4

Ngpn = N [1-+0,2B/L][1— 13H/V] {10.6.3.1.2b-3)
Nc = 5,0 st dung trong phuong trinh 2 trén nén dét tvong dbi bing
7.5 st dung trong phuong trinh 2 ttén nén dit twong dbi bing
Nen = 1.0 dbi vai sét bo hoa va nén dét tuong dbi béng
= 0.0 dbi v&i mong dat trén hosic gin k& méi dit dbc
D = Chiéu sdu d3t méng  (mm)
¥ = Dung trong cia At (kg/m3 3

¢=8,= Cudng d khang cit khong thodt nude (Mpa)
Trong dé cuong db khang cit khong thodt nudc cia sét s& duge ude tinh tiy gid trj SPT. Sirdung
¢ong thirc Terzaghi va peck:

S, = 0,5 qo = 0,5.k.N.107 = 6.N.107

R R R S R

NK-NE-Chodai-TEC




Djch vy tu vdn thi€t ké ki thudt
Dy dn dudng cao téc Da Ning - Quéng Ngdi
B R B B A A e S SH ey

EAa L B

+Hésbk=12
N = GidtrjSPT
Sy = Cuodng dd khang cit khong thodt nuée (Mpa)
qu = Cudng d6 khang cét thoat nude (Mpa)
Két qua vé kha nang chiu tai cia mdi céng duge thé hién trong Bang 6.4.

6.2.3Tinh todn trng sudt téi da tai ddy céng
Ung sudt ti da tai ddy cdng hdp co thé duge xdc dinh nhu sau:

Quax =2V.(I+6*MAV.B)/(B’.L)
Trong do:

TV = Tbng tai trong dimg tic dong 1én cbng hdp

- M = M0 mendo lyc ngang cia tai trong chét thém.,
B’ = Chidurong hiéu dyng ciia cdng hdp
B’ =B --2M/V
B = Chidurong céng hop
L = Chidu dai céng

K&t qua ing sudt tdi da ctia mdi céng duge thé hién trong Bang 6.5.

T B R T S R S S R R
NK-NE-Chodai-TEC
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BOX CULVERT CALCULATION SHEET

1.General
- Group : 6
- Dimension : 1%(3,0x3,0) m
- Covering height : 4,50 <H<9,00 m
- Live load : HL93
- Design standard; 22TCN-272-05
- Unit ; KN and m, N and mm

2. Material property
2.1. Concrete

- Compresive strength of cylindrical at 2i fo= 25 MPa
- Concrete density Yo = 245 KN/m®
- Elastic modulus E.= 0.043*g.M .5*sqgrt(fe) = 26875 N/mm?
- Tensile strength of concrete: f. = 0.63%sqrt(fe) = 3.15 N/mm?
2.2, Steel
- Elastic module of stesl : Es= 200000 N/mm?
- Liquid limit: f, = 400 N/mm?
2.2. Pavement and backfill
- Thickness of Asphal pavement = 0.16 m
- Elastic module of ground soil Eg= 7305 KIN/m?
- Unit weight of soil ye= 1786  KN/m®
- Seftweight of Pavement Yag ~ 22 KN/m?®
- Intenal friction angle of soil b= 30 deg
- Friction angle between soil and wall 5= 0 deg
3. Dimention of Box culvert
% %
hy
¥ L i » W h E,
. 11
1 Lb
Slab
Slab_{ h, 4 Skab [ H
&\3 T B,
. W .
BOX CULVERT DIMENSION
Item Unit Symbol Value
Thickness of slab m h4 0.460
e e T a0
" Thickness of slab 3 m hy | 0400
Height of boxréulvert m 7 Mo S 3800 H
 Height of box culvert m hy | 3000
" '“Height of pavement structure m hy, - 0.160
Height of backfilling on top of culvert m hg ' 74,'5 ~90
~ Span length m Wy 3000
* Culvert width m w 3800




4. Loading
4.1. Deadload

- Deadload of box culvert (DC) will be automatic calcuiate by Midas program with
selfweight of concrele is: Yo = 24.5 (Mpa}

- Deadload of pavement (DW) will be automatic calculate by Midas program with
selfweight of pavement is: as = 22 (Mpa)

4.2, Live load
- Where the depth of fill is less than 600mm, the effect of fill on the distribution of live load shall be neglected.

*

.

.

The uniformly distribution of wheel where covering depth >= 600 mm detemined foflow A 3.6.1.2.6.

Impact load detemined follow A 3.6.2.2.

Where the depth of fill exceeds 600 mm, wheel loads may be consided to be uniformly distributed over rectangular are
with sides equal to the dimension of the tire contact area as A 3.6.1.2.5, and increased by either 1.15 times the depth
of the fill in select granular backfill, or the depth of the fill in all other cases.

For single span culverts, the effects of live load may be neglected where the depth of fill is >= 2400mm and exceeds
the span length.

For multiple span culverts, the effects of live load may be neglected where the depth of fill exceeds the distance
between faces of end walls.

Where such areas from several wheels overlap, the total load shall be uniformly distributed over the area.

The dynamic load allowance for culverts shall be taken as:

IM= 335 1.0-4.1x10".De ) (3.6.2.2.1)
Design truck:
Estimate for impact factor and distributed area of wheel
Covering | Wheel load IM B L Be Le
(m) (Kn) (%) (mm) (mm) {mm) {mm)
4.5 145 0.00 510 - 289 5685 | 5464
9 | 145 0.00 510 289 10860 10639

Distribution of wheel load for 1 lane

AYA

e o o g e
.Wheet load of Truck : 01 lane

{fane number, Lane factor & IM factor should be applied)

o

©

KRR

THTTETTIA
| Ay
Distribution of wheel load for 2 lane
1800

1:1 800 %200 "

i il
=) £
= =

\/\/V\W’

HI!IHIIHHIIEHHEIII [JIdE.

Wheel load of Truck : 02 lane
(tane number, Lane factor & IM factor should be applied)

©

Distributed wheel load of truck

Covering | Wheel load Be Le I-Liwwec 1 1ane | Lltruck 2 tane
(m} {Kn} (mm}) (mm) (Kn/m) (Kn/m)
4.5 145 5685 5464 397 4 3 a7

9 | 145 10860 10639 1.56 156




+« Tandem:

Covering | Wheel load IM B L Be Le
(m) {Kn) (%) (mmy) (mm) (mm) (mm)
A4S 110 000 [ 510 219 5685 5394
9 110 | 0.00 510 219 10860 | 10569

Distribution of whee! load of Tandem for 1 Iane1200

1800

Wheelload of Tandem: 01 Lane
(lane number, Lane factor & IM factor should be applied)

Distribution of wheel load of Tandem for 2 lane

1200

1800

.
t
=

4
=

D+

G e ewew e e e e e vmwn W e www W WS woms Uews svm i en

(lane number, Lane factor & IM factor should be applied}

Wheel load of Tandem: 02 Lane

Distributed wheel load of Tandem

Covering | Wheel load Be Le LLiandem -1 1ane | Lltandem -2 lane
(m) (Kn} (mmy} (mm} (Kn/m) (Kn/m)
4.5 145 5685 5394 3.03 4.85
9 145 110860 10569 1.17 1.55
- Design live load applied to structure:  Max(L 4.85 (Kn/m) with covering deptr 4.5 m
= 0.00 (Kn/m) with covering deptt 9 m

* Lane load

- l.ane |load distributed ch 1 m

4.2.1. Surcharge load (LS)
-Where a surcharge load is present, a consfant horizontal earth pressure shall be added to the basic earth pressure.

This constant earth pressure may be taken as

{3.11.6.1-1)

3.10 kN/m

Dp = K750 Neg(x10™)
Where:;
Dp = constant horizontal earth pressure due to uniform surcharge load applied (Mpa)
k= coefficient of earth pressure
Ys = density of soil (kg/m3)
Neq = height of soil equivalent to design truck {mm).
The wall height: 45~90 m
Wall height{mm) heq {mm) Covering Wall height heq Dp )
< 1500. 1700 (mm) (m} {(Kn/m%)
© 3000 | 1200 4.50 m 8300 64500 | 380
- 8000 | 760 9.00 m 12800 610.00 3.59
L enan “EeT




4.3. Earth Pressure (EV & EH):
4.2.1. Vertical earth pressure (EV) (A12.11.2.2)

+ The factor of vertical earth pressure Foe = MIN{1+0.2*h3/W, 1.15)
— Verlical earth pressure on top slab of culver EV = Fgys.h
. EV
Covering (h Fe Ts
g (hs (Kn/m*) (Kn/m)
., AS0m | 1150 ] 1766 | 9138
9.00m 1.150 17.66 182.76

4.3.2. Horizontal earth pressure (EH)
- Basic earth pressure shall be assumed to be linearly proportional to the depth of earth and taken as.

Ph= Koy g Z*107-9 (3.11.5.1-1)
In which: )

Py, . horizontal earth pressure at the depth of Z (N/'mm*

+ Lateral earth pressure applied on the plate as figure

Ph' = Ka*ys"g*hs*10* 7
Pr’ = Ka*v*g*(H+hg)*10™ Slab2 h,
in which: L Pt
- Py, : Horizontal earth pressure {(N/mm) ] h
- K, ; active earth pressure coefficient .33
- vs + Density of soil (kg/m: Ys = 1800 H
- g : Gravitational acceleration{m/s®)  9.81
- ¢ : Angle of internal friction 30 deg p2
- h3 :filling height from top of box culvert {mm) + h
- H : Total height of box culvert (mm)
. k s 1 2
Covering ’ (KgT’mS) (m?sZ) (Krlz’?nZ) (Kr'?/?nz)
LA80m 033 1800. 9.81 2649 | 48.85
9.00 m 0.33 1800. 9,81 52.97 75.34

5. L.oad combination
LLoad combination and load combination factor shall be taken as Table 3.4.1-1

. State - Mark  StrlA Str. I-B St.1-C | Strli-A | Stedll-B
Dead load of structural;, DC ;125 | 125 | 080 | 090 125
Deadload of wearing : DW | 150 | 180 | 065 | 065 . 150
Vertical earth pressure.  EV | 130 | 130 | 08 | 08 . 130
Horizontal earthpressut  EH | 1.50 |  0.90 1.50 150 . 150
Liveload ¢ L. | 175 1.75 175 1 135 138 1
Live load surcharge LS 175 1.75 1.75 ‘135 ’135

Senvice |
1.00
1.00

100

1.00
1.00
1.00

LIVE LOAD

e

Model of structural of culvert by midas program




. Design force applied to sections:

W
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e . bl
N 1 -C]._r
WAl ] I A\
i
W1 PoW2
o .- '
111 111 o E
|
v v v ¥1 [
o |
— |
v VI |

Design gection

W1

Table of Internal force with covering height h=4.5 m

Strength State (envelope) Service State
Section M G N M Q N
(KN.m) (KN) (KN} (KN.m) (KN) (KN)
- 110.10 0.00 .98.80 82.80 0.00 | -63.00
- ©.83.20 24330 | -98.80 5780 | 176.90 | -63.00
- -38.30 0.00 27460 | -3000 | 000
A -107.80 | 11680 | -291.00 7770 | 7690 | -21
V-V 122.80 44.60 -124.80 83.00 33.10
V-l -92.50 276.10 -124.80 -65.70 20330 | -82.10
Table of Internal force with covering height h=9 m
Strength State (envelope) Service State
Section M Q N M Q N
(KN.m) (KN) (KN) (KN.m) (KN) (KN)
-0 194.50 0.00 -166.20 136.50 0.00 108.10
- | 14620 34260 | -166.20 -103.10 | 32200 | 108.10
n-m | 73.50 0.00 -460.00 5780 | 000 | -354.10
-180.60 | 179.80 47230 | -130.30 | 11880 | -367.10
20130 | 7460 -191.80 14520 | 5510 | -126.50
15260 | 39360 | -191.80 110850 | 34710 | -126.50
Table of Internal force applied to design section
Strength State (envelope) Service State
Section M Q N M Q N
(KN.m) (KN) (KN) (KN.m) (KN) (KN)
- 194.50 0.00 166.20 136.50 0.00 108.10
- 14620 | 34260 | 16620 | 10310 | 32200 | 10810
R I vs0 | O B e
e R 000 | 47230 | ta0a0 | iies | 6710
~v-v. | 20130 | 7460 | 19180 | 14520 | 5510 | 12650
V-V 15260 | 39360 | 191.80 | 10850 | 34710 | 126.50




7. Ultimate check, shear capaclty check and crack control

Soction |-

Section lI-Il

Section -l

* Check
Max|m um Relnforcem ent

Mo min(1.2Mcr, 1.33Mu)|

OK

oK

Itom {Bottom bar) {Top bar) ({Inside bar) Unit
- Factored Plexuralmoment M, 19480 | 1420 | 7350 | kN.m
_+Factored Shearfoce vy ] 38260 - kN
« Factored Nominal force ) Ny ~166.20 166.20 460 00 I OkN
~ +Hight of Section - h 400 400 400 | mm
“«Width of section b 1000 1000 1000 | mm
. Sectlon area S A 400000 | 400000 400000 1 mm®
. Moment of inertia of concrete section Iy 53E+09 5.3E+09 5, 3E+09 | ot
 Tension reinforcemer Distance from ten5|on re!nf. lo de 59 84 59 mm
e Gxireme compression fiber , ]
Reinf. Diameter .. .. . @ D8 D18 pig ] mm
_Space @ A28 125 125 |.mm
Number of bar .hn .8 R S 8 | kar
IR Total area of reinf. As 2036 2036 2036 | mn?
« comp. reinforcement: Distance from compressive reinf. to extreme 84 84 84 mm
SO I - 1211 o i o) S R N
Diameter D18 D18 | D18 | mm
_Reinf. Space 250 250 250 mm
. Numiber of bar 4 A 4 | bar
Total area of reinf. A 1018 1018 1018 mm’
Check Fiexural Moment
_ «Resistance factor o D 0.90 .90
_+The corresponding effectlve d, 341 1 38
« Slress block factor B4 0.85 085
. Depth of the equivalént stress. block = ¢*1 a_ 38.32 . 38 32 ]
.+ Distance from extreme compression fiber lo the neutral c 4508 45.08
* The nominal flexural resistance: My 262 242
~ + Factored flexural resistance M= DM, 236 218
* Check condltlon - M > M, 0K QK
Mimimum Reinforcement S e S
_+ Cracking moment 1.2Mor 100.80 100,80 100.80 _Knm_

. *Obligation Condltion o | o3 ot4 | o043 [T

* Check cid, < 0.42 0K 0K O.K

Check shear resistance
. Factored Shear force Vi - 342.60 D L.
Lo 0.90 .0.90 L S I
d, 341 ) 316 341 mm
L by 1000 1000 . Jooo -y mm
_....mAngle of inclination of diagonal compressive stress @ - 45 HENAME? 45 | degree
__rAngle of inclination of transerverse reinf. To longitudina ¢ 90 90 90 | degree
« Factor indicating ability of diagonally cracked concrete

Cdotransmittension S 20 1.2 200
_*Value 0.1 by, 853 790 853 kN

_*Max spacing of transverse remforcement

273

253

2|

_mm

s
* Spacing of stirrup N ..800  f..s00 500 | mm
_» Diameter of transverse remforcement %] D18 D 18 D18
» Number of transverse reinf. within distance s n 4 2 4 bar
s Assume L ..46.00 4z ...4500 | degree
_* Strain in tensne relnforcement £," 1000 1.61E+00 1.80E+00 1.09E+00
o IF ex<0 multlple with reduce factor ®c -
..+ Ratio of shear stress and fc Vit 000 005 ] 000
cBfinat 2,00 #NAME? 200 |
+0inal o 4500 | #NAME? | 4500 | degree
e Total area of transverse remf A, 1018 509 | 1018 | mm? |
__+ Diameter of stirup ) bio | Dbpis D10 mm
__» Number of stirrup within distance s . n . 2 ‘ 3 ) 1. 2 ‘bar
B -Totalareaofstlfrup Ay 167.08 60319 | 157.08
_*The shear resstance of concrete o Ve 283. 03 26228 | kN
+ The shear resmtanceof stirrup Ve 1911 | #NAME? ' 1911 | kN
_*Valug _ 0.25"»byd,|  2131.25 197500 | 213125 kN
_*+The nommals arresustance Vi ...30244 [ #NAME? | 30214 kN
* The factored she v, 27192 #NAME? | 27192 | kN
+Check V5V, oK [aNamE? | oK
*Requiring transverse reinforcement V,> 0.6 V| Notrequired |  Need | Not required |
*Check minimum transverse reinforcemenh. > 0.083. (f'.0% ohes/fl not required O.K not required




Check crack

Interior force combination

. Factored moment 7 M, 1. 37E+02 | 103E+02 {1 1. 03E+02
-Modulus of rupture of concrete  fr=0.63%sait(f'e)] 3. 15 ol3as 315 N
e Distance from extreme tension fiber to the neutral axis yi1= h-¢ 355 | 85 | 35
* Stress of concrete at tension fiber f'r = Ms*y/ly e AN I A |
* Check fr=f 08 | 08" | 08 |
checkcrack | check crack | check grack
e Crack w:dth parameter Z = 47500 = 17500 ‘= 17500
~+ Ratio of reinf. Modulus W|th concrete modulus ~n= = 800 = 800 L
e ‘The d|stance from extreme fiber to the nautral axis = 119 04 = 122 93.
_ « Effective moment of inertia_ A 39E+09____ i 19E+09__ A\ 39E+09
LCAMm de-cl= 21807 |- 19696 |- 21807
* Tension stres_ i elnforcement fs =n*Ms*(de-c)/d|= 170.87 = 136.06 = 129 06" )
. Area of concrete having the same centr0|d as the principal _ _ _
tensile reinforcement divided by number of bars A = 12500 = 12500 = 12500
» Tension stress in remforcement with service state = 2HdA)R= 193.69 = 18369  |= 193.69
* Check condition fo<fa |  OK ] OK | 0K
* Check condition o< 087, oK OK ...

kN.m
MPa
mm

‘MPa

|.Nimm

_mm
. mm
...mm

MPa
mma2

Mpa




7. Ultimate check, shear capacity check and ¢rack control

ltem Soction IV-IV | Section V-V | Section VI-VI Unit
{outside bar) (Top bar} {Bottom har)
« Factored Plexural moment M, 180.60 201.30 152.60 kN.m
» Factored Shear force Vv, 179.80 74.80 393.60 KN
+ Factored Nomlnal force Ny 472 30 191.80 191.80 kN
« Hight of Section h | 400 | 400 400  mm
+ Width of section o N b | 1000 1000 1000 mm |
+ Section area A 400000 400000 400000 mm?
. Moment of inertia of concrete sectlon g 5 3E+09 | 5. 3E+09 5. 3E+09 | mmt
Distance from tension reinf. 1o
* Tension relnforcenjsr extreme compression fiber d° 1 84 | 59 54 mm
Reinf, Diameter @ | D18 | D18 D18 “mm
_ Space @ | o= 125 125 mm |
- Numberofbar _~ "~ n 8 8 ... .8 _ [ bar
~ Total area of remfw 7 Ay 2038 2036 2036 mm?
» comp. reinforcement: Distance from compressive reinf. to extrems | _59 N 84 _59 S mm '
Tension fiber TR R N - .
~ Diameter o _ D18 D18 D18 mm
Reinf. Space 250 250 1 280  { mm |
Number ofbar - S SIREES R S B .. ; 'B'ér_
Total area of reinf. A 1018 1018 1018 mm’
Check Flexural Moment
* Resistance factor % ] 090 090 | 020 1
* The correspondmg effecuve S dy B | M 316 [ mm
. Stress block factor B | o085 7 0.85 0.85
~ + Depth of the equivalent stress block = ¢*B1 _a [ 3832 | 383 | 3832 | mm
+ Distance from exireme compression fiber to the neu c {4508 | 4508 | 4508 1 mm
* The nominal ﬂexural resistance: M, | 242 7 262 ] 242 kNJp
-Factored flexural resistance ,,,,,ML?,‘!’,ML,,,,E,@,,,,,,,, 23 218 | kNm
« Check condition - o Me>M, | oK | 0 K 1 O K
Mlmimum Reinforcement ) i
+Crackingmoment 12Mer|  100.80 100.80 100.80 Kn.m
~+ Check ' M min{1.2Mecr, 1.33Muy)| OK |  OK ok |
Maximum Remforcement ) o e - ) | ) o
. Obllgatton Condlt:on cid, 014 | 043 , 0.14
* Check c/d, <0.42 O.K C.K 0K
Check shear resistance
« Factored Shear force T T T N X 74.60 _ 393.60 kN
~ + Resistance factor R © ] 0% | 0% | 080
* The effective sheardeepth S d_\, T - T 316 [ mm
+ Effective width h, _ jOOO___ 1000 | fogo ] mm |
» Angle of inclination of diagonal compressive stress © . #NAME'P HNAME? | #NAME? [ degree
_+Angle of inclination of transerverse reinf. To fongituce. | 90 | g0 90 | degree]
* Factor indicating ability of diagonaily cracked B #NAME? 2.00 SNAME?
concrete to transmit tension - R
* Value o o O0Afebyd) 7O | 883 | 790 | KN
+ Max spacmg of transverse reinforcement s 253 | 273 253 mm.
-Spacmg of stm’up s 250 500 1 250 mm
« Diameter of transverse remforcement _ %] | Dis [ D18 p1i [
. Number of transverse reinf. within dlslance s n L 2 4 |2 | bar
* Assume ) ) 44 00 | 42 56 I 4255 | degiee
* Strain in tensne reinforcement - ”2 21E+00 1. 79E+00 | 1.95E+00
If ex<0, mu]tlple with reduce faclor i | -
. Rallorof shear stress and f'¢ . Mffc 0.03 1 0 01 1 0.06
* p final S e U | #NAME? | #NAME? | BNAME? |
* B final o | #NAME? | - #NAME? | degree
« Tolal area oftransverse remf A 509 75709” ”mmz |
. Dlameterofsturrup - D16 e ‘D16 | mm
* Number of stirrup W|th|n dlstances . n_ 4 . 1 4 ~ har
+ Total area of stlrrup A 804.25 157 08 | so425
. The shear remstance of concrete o e #NAME?”W 283.03 #NAIVIE’? | kN
» The shear resistance of stirrup Ve | _#NAME? | #NAME? #NAME‘? kN
« Value T 025%gbed,| 197500 | 213125 | 1975.00 kN
+ The nominal shear resistance: Vo | #NAME? #NAME? | #NAME? | KN
« The factored shear resistance Vr ENAME? #NAME? _#NAME’? kN
+ Check VY, | #NAME? | #NAME? #NAME?
*Requiring transverse reinforcement V,> 050 V,| #NAME? Not required | #NAME?
+Check minimum transverse relnforcemmb 0 033 (f 25pp esif.|  #NAME? not required | #NAME?




Chaeck crack

Interior force combination
» Factored moment
* Modulus of rupture of concrete
+ Distance from extreme tension fiber to the neutrala: ~ y,=h-¢
» Stress of concrete at tenéidn_fiber o . '
« Check '

M,

>

+ Crack width pérametér S
- Ratio of reinf. Modulus with concrete modulus
+ The distance from extreme fiber to the neutral axis c
« Effective moment of inertia - ' J
s Arm ' . de-¢
» Tension stress in reinforcement fs =n*I\;rIs*(de'~_c).fJ
« Area of conciete having the same centroid as the

principal A

 famZ0dA
fs < _fsa

+ Tension stress i reinforcement with service state
. Check cqndltion
. Che_ck conditicn

o< 06",

__Ir=08%sqr(fc))

fr=Mstydly|

1.30E+02

3.15
355

9
08
mchébk crack 7
= 17500
8.00
119.04
119E409
196.96
171.95

1

s

1

12500
= 193.69

0K

ok |

1.45E+02
3.15
355
10
Cosn
check crack

I T
| 8.00

n

122.93

_ 1:39E+09

21807
181.76

1

12500

19369
0K
(01824

1.09E+02
© 315
355
7
0._8*fr

7 qheck crack '

= 17500
= 8.00
119.04

A9E+09

—_

= 196.96
= 143.18
= 12500
= 193.69

OK
0K

-

- MPa

mm

- MPa

N/mm

mim

mm
mm

 MPa

mma2

Mpa




BOX CULVERT CALCULATION SHEET

1.General
- Group : 12
- Dimension : 2x(3,0x3.0) m
- Covering height : 0.6 < H<4.5m
- Live load : HL93
- Design standard: 22TCN-272-05
- Unit : KN and m, N and mm

2. Material property
2.1. Concrete

- Compresive strength of cylindrical at 28 « fo= 25 MPa
- Concrete density Yo = 24,5 KN/m®
- Elastic modulus E = 0.043*g.M .5 sqrt(f',) = 26875 N/mm?
- Tensile strength of concrete: f, = 0.63"sqrt{f) = 315 Nfmm?=
2.2, Steel
- Elastic module of stesl : Eg= 200000 Nfmm?
- Liquid limit; f, = 400 N/mm?
2.2, Pavement and backfill
- Thickness of Asphal pavement = 0.16 m
- Elastic module of ground soil E,= 6793 KN/m?
- Unit weight of soil ve= 1766  KN/m®
- Seftweight of Pavement Yas = 22 KN/m?®
- Intenal friction angle of soil b= 30 deg
- Friction angle between soil and wall &= 0 deg
3. Dimention of Box culvert
h 7
Backfill hs
X
h1 7 N
Slab
Slab 1 —}Slab 2
h2 W_1l' W2 V] w2/2 H
Slab
\ N
h3 —x
ERASANA AN AR RAAALAAARRAAARLET T TERAARRRALAAAAALALLLI Y
W
BOX CULVERT DIMENSION
[tem Unit Symbol Value
B Thickness of slab 1 m hy 0.350
_'__'__F__i'i-bul'{negs of slab 2 ' m wi 0350
~ Thickness of stab 3 m ha | 0350
Height of box culvert m H 3.700
~ Height of box culvert m h, 3.000
_ Height of pavement structure m “h, | 0180
~ Height of backfiling on top ofcuvert | m h;, - 0.6~45
Span longth S B
e - W e

4. Loading



o

4.1, Deadload
- Deadload of box culvert (CC) will be automatic calculate by Midas program with

selfweight of concrete is: Yo = 24.5 (Mpa)
- Deadload of pavement (DW) will be automatic calcutate by Midas program with
selfweight of pavement is: Yas = 22 (Mpa)

4.2. Live load

- Where the depth of fill is less than 600mm, the effect of fill on the distribution of live load shall be neglected.
The uniformly distribution of wheel where covering depth >= 600 mm detemined follow A 3.8.1.2.6.
Impact load detemined follow A 3.6.2.2.
Where the depth of fill exceeds 600 mm, wheel loads may be consided to be uniformly distributed over rectangular area
with sides equal to the dimension of the tire contact area as A 3.6.1.2.5, and increased by either 1.15 times the depth
of the fill in select granular backfill, or the depth of the fill in all other cases.
For single span culverts, the effects of live load may be neglected where the depth of fill is >= 2400mm and exceeds
the span length.
For multiple span culverts, the effects of live load may be neglected where the depth of fill exceeds the distance
between faces of end walls.

* Whevre such areas from several wheels overlap, the total load shall be uniformly distributed over the area.

+ The dynamic load allowance for culverts shall be taken as;

M= 33*( 1.0 - 4.1x10".De ) {3.6.2.2.1)

-

Design truck:
Estimate for impact factor and distributed area of wheel

Covering Wheel load IM B L Be le
{rm) (Kn) (%) {mm) {mm) (mm) (mmj
0.6 145 0 .5t )., %81 1200 4 1051
4.5 145 510 289 5685 5464

Distribution of wheel load for 1 lane
m. £ry
8—F8 ©

—— 4 HTHFAFH IS — — e e e T
Wheel Ioad of Truck : 01 lane e s
(tarre number, Lane factor & IM factor should be applied) ‘;\ \
J
Ristribution of wheel load for 2 lane

1,1800 i1200 i 1800

£ = =

8-—=§ ©

\/\/\/\W (&

IEIl%EiIEIIEH]!IIHHIIIH] _ .
‘‘‘‘‘‘ L P
(fane number, Lane factor & IM factor should be applied) /\/

Distributed wheel load of truck

Covering | Wheel load Be Le Lliiex 1 1ane | Lliruck 2 tane
{m} {Kn} {mm) (mm} (Kn/m) {Kn/m)
06 | 45 1200 | 1051 | 5747 | 5747
4.5 145 5685 5464 4.09 4,09
+ Tandem:

Covering Wheel load IM B L Be Le




= O
AN

3IIIIIHEHHHH

e i i iy O S e i 4

Wheel load of Tandem: 01 Lane
(lane number, Lane factor & IM factor should be applied}

@)

()

Distribution of wheel load of Tandem for 2 lane

1800

L1800
i

1200
i

"
ki
b=
o]
o,

e w— e i e e Mme emer wmms . e e e Teevs weew md Remst maem

(lane number, Lane facter & IM factor should be applied)

Wheel load of Tandem: 02 Lane

(m) (Kn) (%) (mm) {mm) {mm) (mm)
08 | M0} 2488 510 1 274 1200 964
4.5 110 0.00 510 219 5685 5394
Distribution of wheel load of Tandem for 1 IaneJi200

.

IRENARRENA N ERRR

H

(A

Distributed wheel load of Tandem

Covering Wheel load Be Le LL andem - 1ane | LWltandem -2 1ane
(m) - (Kn) (mm) {mm) (Kn/m) (Kn/m)
0 6 145 1200 964 |4l 54 . 4?.54”7 )
45 | 145 5685 5394 303 | 485
- Design live load applied to structure:  Max{L.L) 57.47  (Kn/m) with covering deptt 0.6 m
= 4.85 {Kn/m} with covering depth 4.5 m

» Lane load

- Lane load distributed on 1 m

4.2.1. Surcharge load (LS)
-Where a surcharge load is present, a constant horizontal earth pressure shall be added to the basic earth pressure.

This constant earth pressure may be taken as

3.10 kN/m

Dp = K.ys.9.Ngg(X107) (3.11.6.1-1)
Where:
Bp = constant horizontal earth pressure due to uniform surcharge load applied (Mpa)
k= coefficient of earth pressure
¥s = density of soil (kg/m3)
hgq = height of soil equivalent to design truck (mm).
The wall height: 06~45 m
Wall height(mm) heg {mm) . Wall height Req Dp
<1500, 1700 Covering | my (m) (Knim?)
3000 1200 0.60 m 4300 | 1009.33 | 594
6000 760 | 450m | 8200 | 650.00 383
S o000, el o
4.3, Earth Pressure (EV & EH).
4.3.1. Vertical earth pressure (EV) (A12,11.2.2)



« The factor of vertical earth pressure
— Vertical earth pressure on top slab of culvert

MIN{1+0.2*h3/W,1.15)

Fo =
EV = Fays.h
, EV
Covering (h Fe Vs
9 (") Knim®) | (<vm)
0.60m 1.032 17.66 10.04
4.50 m 1.180 17.66 91.38

4.3.2. Horizontal earth pressure (EH)
- Basic earth pressure shall be assumed to be linearly proportional to the depth of earth and taken as.

In which:

in which:

Ph= Ka*ys*0*Z*104-9

(3.11.5.1-1)

Py : horizontal earth pressure at the depth of Z (N/mm®)

+ Lateral earth pressure applied on the plate as figure
Ph1 = Ka*'Ys*g*hS*'IO.B

Pp’ = Ka*ys"g*(H+hg)*10™

- Py, Horizontal earth pressure (N/mm)

- Ka  active earth pressure coefficient K, 0.33

- ys  Density of soil (kg/m3) ¥s = 1800
-g : Gravitational acceleration(m/s®)  ¢9.81

- ¢ : Angle of internal friction p 30 deg

- h3 : filling height from top of box culvert (mm)
- H : Total height of hox culvert (mm)

. k 1 2

Covering ’ (Kgr';n?)) (m?sz) (Knpthz) (Krf:’?nZ)

060m 0.33 ... 1800. 9.81 .3.53 25.31

4.50m 0.33 1800. 9.81 26.49 48.27

5. Load combination
Load combination and load combination factor shall be taken as Table 3.4.1-1
State Mark Str. I-A Str. |-B Str. I-C Str. l-A 1+ Str. lI-B | Service |
Dead load of structural DC 125 - 1.25 090 - 090 B : 125 | 1.00 |
Dead load of wearing | DW 150 | 150 | 065 | 065 . 150 | 100
Vertical earth presswre _ EV 130 : 130 090 | 080 | 130 | 100
Horizontal earthpressul ~ EH | 150 0.90 150 | 150 150 | 100
Live load LL 1.75 176 110 13 13 | 100
Live load surcharge LS 175 175 | 175 1.35 1.35 1.00
LIVE LOAD

Model of structural of culvert by midas program
6. Design force applied to sections:

I I

I

10|




h1 : ; ;
(| It o (
i v
h2 \Jll,! w2 .vu’i’{ W22 .
Y. lvi virp) [
h3 | B OPTLOOTA .(.(1.(.(_(.(4.1 &L LE .(11.;11 L L LT L LL L L L

Design section

Table of Internal force with covering height h=0.6 m

Strength State {(envelope)

Service State

Section M Q N M Q N
(KN.m) (KN) (KN) (KN.m) (KN) (KN)

- 94.10 56.20 -44.90 58.80 2730 | -2510 |
l-n | 18500 | 25360 | -4490 | -68.80 18920 [ -25.10
- ~-53.00 20090 | -44.90 2490 | 11060 | -25.10
V-V -38.00 0.00 | -239.00 -16.80 000 | -13220
BRVARY, 71.50 5510 | -24700 | -4480 | 4160 | -14530
v e ats | e | aow e | aazo
VI VI 13840 | 26890 | -62.50 5530 | 131.60 | -4420

Table of Internal force with covering height h=4.5m
Strength State (envelope) Service State
Section M G N M Q N
(KN.m) (KN) (KN) (KN.m) (KN) (KN)

-1 81.50 39.30 -78.70 59.90 31.60 64.10
N -159.70 26890 | -7870 | 11590 | 201.30 | -64.10
- 69.50 | 19220 | .78.70 4550 | 151.80 | -64.10
A 1950 | 000 | 22230 | -1480 | 000 | -182. 40
V-V -90.60 10070 | -23860 | -63.90 | 7830 | -180.80
Vi-vl 89.80 | 2470 | -107.80 | 6590 2000 | -8360

CVI-VIL | 15360 | 266.00 | -107.80 | -102.50 | 182.00 | -83.60
Table of Internal force applied to design section
Strength State (envelope) Service State
Section M Q N M Q N
(KN.m) (KN) (KN) (KN.m) (KN) (KN)

-1 94.10 56.20 78.70 59.90 31.60 64.10
- 1 15970 | 268.90 7870 | 11590 | 20130 | 6410
e 6950 20080 | 7870 | 4550 | 15180 | 6410
V-V 3800 0.00 23900 | 1680 | 000 | 18240

V-v. | e060 | 10070 | 24700 | 6390 | 7830 | 189.80
CVi-vl 9190 | 3190 | 10780 | €630 | 20.00 8360
VI-vil | 15360 | 26890 | 107.80 | 10250 | 18200 | 8360




7. Ultimate check, shear capacity chack and crack control

ltem

Section [+
(Bottom bar)

Section Il-i
(Top bhar)

Sactlon (Il
(Inside har)

Section IV-IV

Unit

* Tension reinforcemer

* comp. relnforcement

*Factored Plexuralmoment

* Hight of Section
* Width of section
* Section area

. tVIoment of inerlia of concrete sectton oy

Distance from tension reinf. to

..sxtreme compression fiber

.. Reinf Diameter ...
Space_

Total area of reinf, o
Distance from compresswe reinf. to extreme
. Tension fiber.

350000
~ 3.6E+09

9410t

169.70

26890 |

7870
350
1000

350000

|.36E+09 |

85
D20

125 |

2513
83

) Relnf Space
. Nuimber of bar
Total area of reinf.

D16
250

804

69.50

20090
7870
350
1000

350000

3.88100 |

58
- D18

1608
83
D16
250

804

125}

88.00

28000 | kN
380 | mm

1000
1350000
3.6E+09

58

D16
125
8

83

4
804

kN.m

T

mm
| bar |

1608 |

T
250 L
bar

mm...

mim

mm_

i
mm

mm

mm

Check Flexural Moment

* Resistance factor

« The correspondmg offective
« Stress black factor

7 o Depth Of lhe equrvalent Stt’E‘SS b|0Ck = C*[ﬂ S a

» Distance from extreme compression fiber to the neutral C

* The nomlnal flexural resrstance
-Check condltton B - MM,

Mlmlm um Relnforcement

+ Cracking moment
. Check

_+ Obligation Condition

. LaMer|
Mr> min(1. 2Mcr 1 33IVIu) B

0K

* Check

clde < 0.42

OK

7718 |

012 |

090
- 265
0.85

e
55.66

243
218
0.K

T:T:tB' .

0K

CK

021 |

.20 .
292

085 |
13028
3562

178
160
0.K

CTas |

0K

012
0.K

080

3028
3562
78
160
0K

77.18
0.K

OK

202 | mm

kN.m
KN.m

Kn.m_

BRCAEIN B

Check shear resistance

~ »Resistance factor

__+ The effective sheer deepth
. Effectrve width

~+Angle of i

. lotansmittension
~ +Value
_+ Max spacmg of transverse reinforcement

Jtox<0, multple with reduce factor
+ Ratio of shear stress and f'c

_;-efmarn'j '

B . Total area of transverse reinf.
~_+ Diameter of stirrup L
. Number of stirrup within distance s

o The nomrnal shear resrstance

e Check

56.20

0.90
292

» Angle of |ncI|'nat|on of transerverse reinf. To longitudina o

lination of dlagonat comprossive stress ) o

45
g0

« Factor mdrcatrng abrtrty of dragonally cracked concrete B

CERENE

2.00
730

» Spacing of stlrrup —

500

ST g

24

0.90
265

a1
90

2.00
683 |

212

250. U S

. Dlameter of transverse teinforcement
* Number of transverse reinf, within distance s
Assume

-G}.Z @m o

D16
4

2.
41.76

+ J3 final

_sto00 |
e
vifc

2,00

121800 |
X

L4500 |

1.58E+00

191

. 260890

1000 |

b |

005

4131 |

090
292
1000
1950
90

2.08

234
250

2, -
3714

127400 |

208

804

- 628

2

» Total area of stirrup

157, 08

. The shear resrstance of concrete S
’ The shear resistance of stirup

16.36

1o .|

24236 |

BURCI

4

61675 |

219.95
148.63

. Value

. The facto_r_ed shear resistance

*Requiring transverse reinforcement _

25872

| 28285 1

OK

N Not reqwred

*Check minimum transverse remforcernenm > 0,083 {f. 9%k, -5]f

1825.00 |

not required

1656 25____ _

368.58
331.72
0K

Need 3

O.K

402

615.75
25181
191 6‘1

- 44321
39889
OK
Need
QK

730 L

38.74 ', ,‘ ,

D14 '_ ]

1825.00 |

292 .
LY.L
45
90
2.00

234
500

4

| 45.00
7.76E-01

200

T

degree
 degres
730 |

- mm

| degree

LT —

AN

mm..

kN

bar

45 00 |degree

804

2

242 36
16 36

15708 |

1182500 | kN

oK |
|Not required

net required




Check crack

Interior force combination ]

* Factored moment

My

B599E+01 |

: . MOdU|US Of rupture Of COFICFE!(G o .
+ Distance from extreme tension fiber to the neutral axis

yi= h-c

" i = 0.63%sqrt(fe)|

315

__*Stress of concrete attension fiber

* Check

fr= __Ms*ylllg

5

34|

1.16E+02 |

3.15

10

i Y
check crack |

0.8*r

Q. B*fr

“check crack

200 |

4.55E+01

3.15
314
4
OS*fr

check crack

o C ack Wldlh parameter

17500 .

17500 .

1 68E+01
3.15

1

| kNm
| MPa
34

mm

_MPa_

“No i L

~ « Effective moment of inertia
rAm

8.

10E+08

de-c

191.49

1056409
139.72

. Tensmn stress |n remforcement

s = =n*Ms*(de-c)J

rin

113.25

« Area of concrele hawng the same centroid as the prmupal
tensile reinforcement divided by number of bars

. Check condltlon o

A

* Tens:on stress in relnforcement W|th service state '_ '_ fsa = z/(d*A)““ —

n

n

12500
194.80

fo<fea .

OK

* Check condition

f<06f

0.K

12383

12500

19261

0.K

ok | o

Nimm
| omm
mmo

MPa

mmz2

| Mpa,




7. Ultimate check, shear capacity check and crack control

ltem Soction V-V | Section VI-VI |Section VII-VII Unit
{outside bar} {Top bar) {Bottom bar)
+Factored Plexuralmoment M, 90.60 - 91.90 153.60 kN.m
+ Factored Shear force Y, 10070 | 31.90 268.90 KN
+ Factored Nominal force N, 247.00 | 10780 | 10780 | kN
+ Hight of Section ~h 350 350 | 350 mm
« Width of section b [ 1000 1000 1000 S mm
+ Section area A 1 7§§9900 350000 350000 mm?
J Moment of rnerlra of f concrete §§=Et_|_o_rr___ o o _Ig____ 1 _3 6E+09 3 6E+09 3.6E+09 mm?*
» Tension reinforcem: DZ’;?rgﬁefrgg:nﬁgss'gg‘:ef:gferlo de 83 83 85 mm
Reinf. Diameter @ D6 | D16 | D2 | mm
Space @ | 125 125 125 mm
. _NEE‘_QEF__‘?_[EEE_________._ S | 8. ... 8 | ,3, mb-‘-‘-.rm
~ Totalareaofreinf. A, 1608 1608 2513 mm®
+ comp. reinforcement,  Distance from compressive reinf toextreme | ss | g5 | 58 | mm
N .. . ... ...Tension fiber ) o
Diameter D16 D16 D16 mm
Relnf. Space 250 | 280 250 mm
_Number of bar ] 4 4 |4 | bpar
Total area of reinf. Aly 804 804 804 mm?
Check Fiexural Moment
* Resistance factor ®» 0.90 1 0.0 ~ 090 1
* The corresponding effectrve i de 267 267 265 _mm
* Stress block factor _ i 0.85 0.85 ) 0.85
. Depth of the equwalent stress block = c*|31 777777 a 30.28 30.28 _ 47 31 mm
+ Distance from extreme compression fibertothe neu ¢ 35.62 _ 3662 _ . 55 66 | L
~_+The nominal flexural resistance: My 162 162 243 | &N.m
. Factored ftexural resrstance IVI =, NI 146 146 218 kN.m
. Check condition S MM, 0K 0K ok Lo
Mimimum Reinforcement L - o
+ Cracking moment o _LaMer 77.18 7718 | 7748 | Knm
» Check Mr> min(1.2Mer, 1.33Mu)f  O.K 0.K oKk |
Mammum Relnforcement o o D o
. Obllgatlon Condition cde 013 0.13 0.21
« Check cld, < 0.42 O.K 0K 0K
Check shear resistance
+ Factored Shear force v, 100.70 3190 | 286890 | kN
" +Resistance factor S [ | o0e0 | 080 090 |
» The effective shear deepth o d, _ 267 267 | 265 | mm
. Effecllve wrdth by 1000 1000 [ 1000 | mm
ali S .. S %9 |41 |degree
—Angle of inclination of transerverse reinf. To longituca, o 90 90 90 | degres
« Factor indicating gbrllty _ofdlagonally cracked b 1.89 500 1.92
concrete to transmit tension L ]
- Value o D 668 668 | 663 | kN
- Max spacing of transverse reinforcement s 214 214 | 212 mm
+ Spacing of stirup . 250 | 500 250 | mm
» Diameter of transversé reinforcement B D16 D18 ‘D20
* Number of transverse reinf. within drstance s L 2 4 | 2 | bar
* Assume _ e |38 13923 | 40 91 degree
* Strain in tensile rernforcement _ € | 1.83E+00 | 1 30E+00 1 57E+OO ]
lfex<0 multrple wrth reduce factor _ ac I L T
+ Ratio of shear stress and fc ~ Vif'c 0 02, 0.01 . D03
+ f final o 1 189 1 208 192 o
* B final o o ) 41 51 . 36.98 4128 | degree
* Total area of transverse reinf. A 402 | 804 628 | mm®
- Diameter of stirup D - A 4. b1 | D10 D14 | mm
~+ Number of stirrup within distance s . n 4 | 2 f.. 4 _bar
+ Total area of sllrrup A 615 75 | 18708 615 75 b
~_ *The shear reS|stance of concrete N 209 59 ) 22161 b 210 96 ] kN
» The shear resistance of strrrup Vs " 147. 876”7 Wﬁgﬁzﬁ 03 | 148 92 kN
* Value T 025%bed,| 166875 | 1668.75 | 165625 | KN
* The no'mrnal shear resrstance ) ___\_/n 35745 243 64 | 35988 kN
+ The factored shear resistance Ve 32170 | 21928 | 32389 kN
OV, >05-¢l V| Need thrrequired Need
+Check minimum transverse rein rcemgQ Q an {f ”) shoesit 0.X not required 0.K




Check crack

Interior force combination
. Factored moment
» Modulus of rupture of concrete
+ Distance from exlreme tension fiber to the neutral a
. Slress of concrele at tensron flber o

fr = 0 63*sqrt(f'c)

¥i=h-¢

. Check

» Crack width parameler

+ Ratio of rernf Modulus with concrete modulus -

+ The dlstance from extreme fiber to the neutral ams

» Effective moment of inertia

+ Arm S

+ Tension stress in reinforcement '
~ + Area of concrete having the same centroid as the

prrncrpal

fr>

L o
fs =n"Ms*(de-o)l| =

A

« Tension stress m rernforcement wrth servrce stale
*» Check condition ,
’ Check condltlon _

foa= 2R )=

fs < Oﬁ*f

fr=Mstydly|

314
6
0.8

| check erack |

1

L H

0....

96.76
. 75E+08
170.24

1 ‘OD'H

= 12500

6.39E+01 |

!n

i

12895 |

6 63E-l~01

314
6
0.8%r
check crack
17500

|= 800

= 96.76

[6.75E+08

170.24

12500

0K

X

13380

19480

1. 03E+02

_ 3 15
294

S
0.8*r

- check crack
= 17500

= 8.00
= 125.28

|1.05E+09

138.72

n

12500

0K
0K

10934

19261 |

KN.m -

| wPa

mm

HMPa :

Nimm

mm

_mm®

mm_
MPa

mma2

Mpa




