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Detailed Design on
Bago River Bridge 
Construction Project

Design Technology Transfer

Lecture : Superstructure of Steel Box Girder Design

1

14 Nov 2017

Design of Steel Box Girder

JICA Survey Team 2

How to Fabricate  Stiffened

Plates into Box Shape?

1. Steel Material

2. Marking on Steel plate

3. Cutting Steel Plate

4. Welding pieces onto Plate

5. Assembling of Plates

 Fabrication procedure depends 
on equipments that will be 
prepared by the fabricator.

1 2

3 4 5
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From Shop Erection to  Site Erection

6. Shop Erection
 Using Multi staging not to 

deflect by self-steel weight.

 Accuracy  check of Dimension, 
Camber and Matching of Bolt 
Holes 

7. Shop Painting

 In accordance with Painting 
System

8. Site Erection using by Crawler 
Crane

 Stress Check during whole 
Erection Stage

9. Completion of 

Girder Erection

10. Installation of 

Deck Slab 

JICA Survey Team 3

6 7

8 9 10

How to Prepare Steel Materials

1. Material Shown on The Design Drawings

JICA Survey Team 4
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How to Prepare Steel Materials

２．Material List based on The Design

JICA Survey Team 5

How to select the Steel Grade?

JICA Survey Team 6
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How to Prepare Steel Materials

JICA Survey Team 7

３．What is Mill Sheet？
（Certificate by Manufacturer）

How to Prepare Steel Materials

JICA Survey Team 8

４．Delivered Steel Plates 

at the Storage  Position
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What is the procedure of assembling Box 
Shape?

JICA Survey Team 9

What procedure to assemble Box Shape 
by  various plates is?

JICA Survey Team 10
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How to cut steel plates？

• Cutting Plan based on Shop Drawings and Piece 
Drawings.

• NC Marking               GAS Frame Cut

JICA Survey Team 11

What is Marking?

JICA Survey Team 12
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JICA Survey Team 13

Traveling of Segment to Trial Erection 
Yard

JICA Survey Team 14



[Superstructure Design_L04]

8

What is the purpose of Trial Erection at 
the Shop?

JICA Survey Team 15

JICA Survey Team 16
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There are several kinds of Erction Method.

JICA Survey Team 17
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Detailed Design on
Bago River Bridge 
Construction Project

Design Technology Transfer

Lecture : Superstructure of Steel Box Girder Design

1

Nov 2017

Contents
1. Theoretical Assumption of Steel Box Girder Design

Hook’s Low: Linear Relation
Small Deformation Behavior
Balancing of External Force and Internal Force

2. Equilibrium Equation of Tensile / Compression Force
3. Deflection due to Bending Moment        
4. Confirmation of Section Properties
• Geological Moment of Area
• Geological Moment of Inertia
• Section Modulus
• Radius of Gyration of  Area
5. Practice Calculation

JICA Survey Team 2
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6. Several Kinds of Bridge Type

Girder Type

Truss Type

Arch Type

What Forces is primary on its designing?

7. Calculation Process for Bending Moment and 
Reaction of 2 span Girder.

JICA Survey Team 3

Contents

The Theoretical Assumption
of Steel Bridge Design

1. Hooke’s Law →Bernoulli Principle 
Stress-Strain is on linear relation

σ = Eε τ = Gγ

JICA Survey Team 4

By  Prf.Nagai’s PPT
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The Theoretical Assumption
of Steel Box Girder Design

2. Bernoulli Assumption 
Deformed Section is keeping its plane as long as 

deformation(distortion) is not so large .
（The Section is always right angle to Neutral 
Axis）

JICA Survey Team 5

The Theoretical Assumption
of Steel Box Girder Design

JICA Survey Team 6

3. Equilibrium Relation of External/Internal    
force shall be sustained as long as the  
structure is stable.

External Force(Load ：Action)

Internal Force(Bending Moment,                                
Shearing  Force,  Torsional Moment)

External Force(Reaction )
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[Next step（Stress resultants  N,M,Q ）]

AR

AH
P M

N

Q

b

a

N+ AH ＝0 → N＝－ AH

Q+ AP ＝R → Q＝ AR
M ＝0 →M＝

－ P
Pb －+ AR AR a－Pb

Plus sign of deformation（ ）+

bending moment Shear

When（－）sign is obtained,
direction is reverse.

In equilibrium state→

Stress resultant
（Internal force）

N,M,Q  are  obtained

a

By  Prf.Nagai’s PPT

AH
P

M
Q

b

L

a

M
Q

AR

AR
M

Q
BR

P
X

X

BR
P

【Q】

【M】

ab
L P

+

+

－

BRAR

AR

AH ＝ 0

AR ＝L Pb → AR ＝
L
b P

BR ＝L Pa → BR ＝
L
a P

Q ＝ AR
M ＝ AR x

Q ＝ AR P－

M ＝ AR x P－ （ ）x－ a

M ＝ BR （ ）L－ x（ ）

By  Prf.Nagai’s PPT
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【Q】

【M】

AR
BR

M
QX

+

+

－

AR

AR

BRL

X
AH

Mmax.=8 P1
oL

2

P（ x）＝ Po（ ）N mm

AH ＝ 0

AR ＝ BR ＝
2

PoL

Q ＝ AR ＝
2

PoL－ Pox － Pox

＝
2
L －Po X（ ）

M ＝ AR
2

PoL－x －Pox（ ）
2
X（ ） X＝

2
PoX 2

2
PoX －（ ）L＝ X

By  Prf.Nagai’s PPT

P（ x）

x dx

P dx

M +dMM

Q +dQQ
x d

dx

dxQ + dQ + P（ ）x ＝ Q

－ P（ ）x＝dx
dQ

＝2M + （ ）x（ P dx ）（ ）dx + dx）dQ+（ Q

＝M + dxQ M + dM

M + dM

Q＝dx
dM

－ P（ ）x＝dx
d M

2

2

By  Prf.Nagai’s PPT
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Equilibrium Equation of     
Tensile/Compression Force

JICA Survey Team 11

Neutral 
Axis

Geometrical Moment of Inertia

JICA Survey Team 12
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Deflection due to Bending Moment 

JICA Survey Team 13

Radius  ρ=1/γ
1/ρ=±d2y/dx2

γ=M/EI

d2y/dx2＝M/EI

Confirmation of Section Properties

1. Geometrical Moment of Area at Optional Axis
∫（y-y0)dA= ∫ydA- ∫y0dA

= G – y0・A
y0 = G/A   :Distance to Neutral Axis 

2. Geometrical Moment of Inertia 
y=Y+yo

∫y2dA= ∫Y2dA+ 2y0∫YdA+yo2・A
= I0 +2yo・G+ y02・A

= I0+ y02・A

JICA Survey Team 14
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Confirmation of Section Properties

3. Section Modulus
Z= I/ y(max/min) :Definition
γ=M/（E・I）,

σ(y)=E・γ・y
=y・M/I
=M/Z

4. Radius of Gyration of Area
r = √ (I/A)

JICA Survey Team 15

1. What is Geometrical Moment of Inertia ?
(Please Calculate by integration equation)

JICA Survey Team 16

Practice of Calculation 1
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Practice of Calculation 2

1. What is Geometrical Moment of Inertia ?
2. What is Radius of Gyration of Area?

JICA Survey Team 17

Radius of 
Circle is r

Radius of
outer Circle is 

r
Inner Circle is r-t 

Half Circle
Radius of 
Circle is r

Different Design Forces related to  
Several Kinds of Bridge Type

JICA Survey Team 18

Bending Moment & Shearing Force
σb=M/Z <σa, τ=S/Aw<τa

Axial Force
σ=P/A<σcr or  σa （Chord & Diagonal) 

Axial Force & Bending Moment
σ =σp+σb=P/A+M/Z <σca
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Calculation Process for
Bending Moment & Reaction         

JICA Survey Team 19

Calculation of B.M and Reaction 1

JICA Survey Team 20

Process for Reaction of Mid span 
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JICA Survey Team 21

Calculation of B.M and Reaction 2

JICA Survey Team 22

Influence Line Diagram Method
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Influence Line Value and Area 

JICA Survey Team 23

Trial Calculation of Section
• Design Bending  Moment 

In case of L=100m, wl=28Kn/m
Mc=-8759kn-m

If Dead Load Moment is assumed same as Mc, total moment 
comes to [-8759x2=-17,518 kn-m]
What dimension of box section is suitable?
Please try!

JICA Survey Team 24
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Trial Calculation

1. Required Z(Section Modulus)?
 In case that steel grade is SM490Y, 

σa=200N/mm２=20Kn/cm2

Z>M/σa
>1,751,800/20=87,590cm3

JICA Survey Team 25

If you choose box section,  
What height of web is? 
What width of flange? 
How thick is plate?
(including stiffener)

Practice Calculation ３
Bending Moment at  ¼ span 

JICA Survey Team 26

L
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JICA Survey Team 27

JICA Survey Team 28

For Dead Load： Full Span Load 0.625・(L/2)2w
Live Load: Positive Zone Load 0.938・(L/2)2w
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JICA Survey Team 29

Calculation Process for
Axial Force & Reaction         

Loading at Lower 
Chord

Height of Truss h
Span Length        L

Diagonal 
Inclination

60 °(Assumption)

Practice Calculation of 
the red circled Member 

JICA Survey Team 30

Upper Chord U1 
Lower Chord  L1
End Diagonal D1

RA RB
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Detailed Design on
Bago River Bridge 
Construction Project

Design Technology Transfer

Lecture : Superstructure of Steel Box Girder Design

1

Dec 2017

Contents
1. Reconfirmation of Buckling Stress

Buckling Stress 1: Phenomena of Buckling
Buckling Stress 2: Differential Equation

2. Relation  between σcr and Gyration Radius r
3. Comparison with Yield Stress
4. Load Carrying Capacity Curve for Column
5. Japanese Standard of σcr Decision
6. Calculation Exercise
7. Buckling of Un-stiffened Plate 

Fundamental Equation
Load Carrying Capacity Curve for Un-Stiffened Curve
Buckling Coefficient

JICA Survey Team 2
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Contents

8. Buckling of Stiffened Plate
Plate Bending Stiffness 
Stiffness as a Column
Load Carrying Capacity Curve for Un-Stiffened Curve
Buckling Coefficient of Plate and Stiffeners
Allowable Stress of stiffened Plate against Local Buckling

9. Design of Longitudinal Stiffeners 
10. Horizontal Stiffeners for Web Plate
11. Calculation Exercise

JICA Survey Team 3

Buckling Stress １

• Theoretical Equation
Strain Energy due to Compression Stress

⇒ Strain Energy due to Bending Deformation
(Theoretically, Buckling happens suddenly, but actual Buckling is occurred 

gradually because of existing initial deformation.)

JICA Survey Team 4

Critical Load: Pcr Basic Buckling Stress: σcr
σcr=Pcr/A

Bending Moment: M=P・w
Deflection due to M:w

d2w/dx2=-M/EI=-Pw/EI
d2w/dx2 ＋k2・w=0
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Buckling Stress １

The above equations shows  the idealized relation.
No eccentricity of member axis is assumed and also 

yield stress is higher than critical stress.
Compression deformation moves to bending 

deformation when the stress reaches to critical stress 
σcr.
On the above formula, P/EI is replaced by k2.  
This is very skillful replacement.

JICA Survey Team 5

Buckling Stress ２

JICA Survey Team 6

• Basic Equation of Buckling and
General Solution

d2w/dx2 ＋k2・w=0
w=α・sin(kx)+β・cos(kx）

Taking account of boundary condition 
w=0 at x=0 and x=L 
w=α・sin(0)+β・cos(o）=β=0
w=α・sin(kL)=α・sin(n・π）
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General Solution

sin(kx)’   =k・cos(kx), cos(kx)’= -k・sin(kx),
sin(kx)’’=-k2・sin(kx), cos(kx)’’= -k2・cos(kx)              

d2w/dx2  =-k2(αsin(kx)+βcos(kx))
=-k2w

JICA Survey Team 7

Relation between
σcr and Radius of Gyration 

W=α・sin(n・π）
kL=n・π,
k2=（nπ/L)2=P/EI

P=n2π2EI/L2,
Pcr=π2EI/L2

σcr=Pcr/A=π2EI/AL2

=π2E/(L/r)2 （ｒ＝√（I/A)）
L/r: Slenderness Ratio

JICA Survey Team 8
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This equation shows Buckling stress σcr is related to 
the ration of Column length and radius of gyration.
It is expressed as Slenderness Ratio.
According as length becomes shorter or radius 

becomes larger, σcr becomes larger.
 To increase (r), Moment of Inertia I  should be larger 

even if area is same.

JICA Survey Team 9

Relation between
σcr and Radius of Gyration 

Comparison with Yield stress

 σcri=Pcri/A=π2EI/AL2 =π2Ee/(L/r)2

(Euler Elastic Buckling)
 σr =Pr/A =π2EI/AL2   =π2Er/(L/r)2<σy<σcri

(Buckling with initial deformation   
and deformation after yield)              

σr is decided in accordance with 
the application formula based on 
experiment results.                                

JICA Survey Team 10
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1.0

0.5

0
0 0.5 1.0 1.5 2.0

Load carrying capacity curve for columns

Group   1
SSRC  No.1
ECCS    a
Group   2SSRC  No.2

ECCS    b
Group  3
ECCS    c
SSRC  No.3

SSRC   No.1〜3（USA）
ECCS    a〜c     （Europa）
Group  1〜3     （Fukumoto,Itoh）

1
λ2

yλ=√σEσ

/ yσcrσ
By  Prf.Nagai’s PPT

Evaluation of σcr

These Buckling Resistance Curve were derived from 
some experiments done by any other laboratories.
Vertical Axis shows the ratio of σcr by σy, and 

Horizontal Axis shows the square root ratio of σy
by the Euler’s critical stress σe.

JICA Survey Team 12
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Japanese Standard of Cr
• λ ＜0.2            σcr/σy=1.0

0.2＜ λ＜ 1.0    σcr/σy=1.109-0.543λ
1.0＜ λ              σcr/σy=1.0/(0.773+λ2)

λ＝√σy/σe
σe＝π2E/(L/r)2

• σcr/(safety factor :1.7)=σca

Buckling Resistance Curve is separated to 3 parts.
 σy is depend on material grade, and 
• σe is depend on the ratio of gyration radius r and  
• member length L.
•

JICA Survey Team 13

Allowable stress of compression member
without local buckling  

JICA Survey Team 14

This is the table of allowable stress relating to buckling of 
column. 
So, local buckling of plate is not considered at this moment. 
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Calculation Exercise

What is the allowable stress of each section?
Column Length L=5000mm, Steel material grade SM490Y

JICA Survey Team 15

JICA Survey Team 16

Buckling of Un-Stiffend Plate 
4 Edges are simply 
supported 

By  Prf.Nagai’s PPT

Factor B shows bending stiffness of unit 
width panel considering about poisson ratio.  
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Plate deflection is 2dimensional. Usually, panel length a 
is larger than width b.

Deflection figure of rectangular is like as contour line.

JICA Survey Team 17

Buckling of Un-Stiffend Plate 

JICA Survey Team 18

By  Prf.Nagai’s PPT
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Buckling Coefficient
Considering boundary condition, 
• the deflection is  0 at for edges. 
• Pcr=Bπ2｛(m/a)2+(n/b)2｝2/(m/a)2

• σcr=Bπ2/bt ・ ｛(m/a)2+(n/b)2｝2/(m/a)2

• =Bπ2/bt ・ ｛ (m/a) +n2a/mb2｝2

• = Bπ2/b2t ・ ｛mb/a+n2a/mb｝2

• = Bπ2/b2t ・ ｛m/α+n2α/m｝2 

• ＝ Bπ2/b2t ・ ｛m/α+α/m｝2 （n=1)
• ＝ π2 E/12(1-ν2) ・(t/b)2 ・ ｛m/α+α/m｝2

• =ｋ・σe
• ｋ: Buckling coefficient α=a/b
• σe: Critical buckling stress without stiffeners
• If m=1, α=1（a=b) k=4

JICA Survey Team 19

10-2-3 図-④

kmin. = 4.0

S.S. : Simply Supported

x2
2w∂ = y2

2ww=0, =0

S.S.

S.S.

S.S.

S.S.
4.0

k

1.0 2.0 3.0 4.0 α

√2 √6 √12

S.S. S.S.
S.S.

FREE

kmin. = 0.426→ ∞α

k = 1
α 2 + 0.426

m=1
m=2

m=3

∂ ∂
∂

By  Prf.Nagai’s PPT
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Ultimate strength of unstiffened plate by JHBS

t
b・=√σE

σy =
π√ E

σyR ・2k
12（1－ ）ν2

1.00.7

1.0 1
2

σcr σy

=√σE
σy

R

R

load carrying
capacity

σy =σcr 1.0

σy =σcr 0.5/R2

≦ 0.7R

＜ R0.7

By  Prf.Nagai’s PPT

The Relation between σe and σcr

The above figure shows σcr is decreased in 
accordance with (b/t).
This is based on the experimental results including 

initial deformation and residual stresses due to 
welding.
σe= π2 Ek/12(1-ν2)

This equation shows Larger k makes larger σe.
Buckling Coefficient k is changed in accordance with 

stress distribution state.

JICA Survey Team 22
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2α
4

a

bτ

a

b

σ

a

b

a

b

σ1

σ2

σ1

σ2
=α b

a

〜

2/3＜α
α＜2/3

K = 23.9
K = 15.87+1.87 2α

+8.6/ 2α

〜
〜

2/3＜α
α＜2/3

K = 7.0
K = 2.366+5.3 2α〜 + 2α

1

K value depending on stress condition

=Eσ k E0σ（ ）

=φ －σ1
σ1

σ2

K = 8.4
φ2.1－ ≦φ0 1≦

K = 10 ＜φ1 2≦φ－13.73φ－11.36
α ＞1.0↑

τ =E k E0σ（ ）τ

1＜α
α＜1

K   = 5.34

K   = 4.00 2α
5.34

τ

τ

+

+

Fix S.

Fix S.

By  Prf.Nagai’s PPT

Allowable stress is specified by b,t
on JHBS (Simply support at 4-Edges)

JICA Survey Team 24

This table is shown as example, and f shows the stress gradient   
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Buckling of Stiffened Plate

JICA Survey Team 25

Plate like as Flange and Web of Box Girder should be 
stiffened by many stiffeners. This procedure is most 
important on designing of steel box girder.

If considering about small panel that has width b and 
thickness t, and moreover with free side edge,
The fundamental bending stiffness is

EI=Ebt3/12(1-ν2).
Then, deflection of this panel is restricted by both 

web and stiffeners.
• The small part of stiffeners

are assumed as column.

JICA Survey Team 26

Buckling of Stiffened Plate
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Ultimate strength of stiffened plate by JHBS

t
b・=√σE

σy =
π√ E

σyRR ・2kR
12（1－ ）ν2

1.00.5

1.0 1
2

σcr σy

R
load carrying

capacity

R

0.5

σy =σcr 1.0

σy =σcr 1.5－RR

≦0.5RR

＜0.5 RR ≦1.0

σy =σcr ＜1.0 RR0.5
2RR

RR

=kR（ ）4n2

By  Prf.Nagai’s PPT

Buckling Coefficient kR , kF of 
Stiffened Plate and Stiffeners

RR=sqrt｛(σy/E）・12(1-ν2）/π2kR｝ (Ordinary Formula)

kR＝Buckling Coefficient （=4n2)
n:Panel numbers separated by stiffeners

kF={(1+α2)2+nγL}/{α2(1+nδL)｝ (α<α0)
kF=2{1+sqrt(1+nγL)}/(1+nδL)       (α>α0)

γL=IL/(bt3/11) :Stiffness Ratio of Stiffener
δL=At/bt :Area ratio of stiffener

The above formula is based on the experimental 
results and theoretical equation.

JICA Survey Team 28
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Allowable Stress of Stiffened Plate
against Local Buckling 1

JICA Survey Team 29

JICA Survey Team 30

Allowable Stress of Stiffened Plate
against Local Buckling 2
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Design of longitudinal ribs

From condition,
（buckling stress of plate （buckling stress of stiffened plate）

between ribs）
σE

① σE
②

=k 4n2

=

kmin.

α＜α 0 α ＞α 0

=α 0 √1+nγℓ
4

α

k

k=2 √1+nγℓ1+
1+nγℓ

k= （ nγℓ1
1+nδ ℓ

）2α+1
α + α 2

= Aℓ

btδ ℓ

（ I  ℓ ）

hr tr

t = 3ℓI hr3tr
=ℓA hrtr

= 10nℓA bt

=ℓ bt3γ ℓI

12（1－ ）ν2

=〜 bt3
ℓI

11
≧ℓI bt3

11・ ，ℓγ req.

By  Prf.Nagai’s PPT

bt3

11・1+nγℓ

4α 3
，reg.

t
t0

bt3

11・α ≦ α 0１）

２）

（＆）It ≧ 1+nγℓ

4α 3
，req.

γℓ，req. = ≧ 4α 2n
2
（1+n ）δℓ － n

（ ）+1α 2 2
（ ）t t0 ＜（ ）0.5RR

= 4α 2n（1+n ）δℓ － n
（ ）+1α 2

（ ）t t0 ＞（ ）0.5RR＜

（ is the thickness whent0 = ）0.5RR

the others [ ]（ ）（ ）α α 0＞ α ≦ α 0， ＆ ＜It

γℓ，reg. = t
t0 ≧ 

2
（1+n ）δℓ － （ ）t t0 ＜（ ）0.5RRn

1 [ 12n2 －1 ]

（ ）t t0 ＞（ ）0.5RR＞=
2

（1+n ）δℓ －n
1 [ 12n2 －1 ]

By  Prf.Nagai’s PPT
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Horizontal stiffener of web

 Web plate has stress gradient.

JICA Survey Team 33

Compression

tension

At Compression zone, 
Horizontal stiffener is 
required.

a a

Design of Horizontal Stiffener 1

• Stress state should be satisfied with 

the following formula.

JICA Survey Team 34

In case of
no stiffener

In case of
single stiffener

In case of
dual stiffeners
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Stiffenes of Horizontal Stiffener should be satisfied 
with the following formula.
 Ih> bt3/11・γreq

 γreq=30・(a/b)
Vertical stiffeners that separates web by a spacing is 

required it stiffeness more than γv.req=8・(b/a)2

JICA Survey Team 35

Design of Horizontal Stiffener 2

Calculation Exercise
Allowable Stress of Flange and 

Dimension  of Stiffeners

JICA Survey Team 36
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No. Soil Name
Representative

N Value
Unit Weight Internal

Friction Angle
Cohesive 
Strength

Deformation 
Modulus

t
kN/m3

sat
kN/m3

'
kN/m3

c
(kN/m2)

E50
(kN/m2)

1 Silty SAND-River Sediments 3 17.0 18.0 8.0 29 - 1200

2 CLAY-I 1 17.5 17.5 7.5 - 10 900

3 Clayey SAND-A 3 17.5 18.5 8.5 28 - 1200

4 Silty SAND-I 13 17.0 18.0 8.0 33 - 5200

5 Sandy CLAY-II 9 17.5 17.5 7.5 - 54 6300Same values as CLAY-AII

6 CLAY-AII 7 17.5 17.5 7.5 - 42 4900

7 Clayey SAND-B 13 17.0 18.0 8.0 32 - 9100

8 Silty SAND-A 25 17.0 18.0 8.0 33 - 17500

9 CLAY-AIII 18 18.0 18.0 8.0 - 108 12600

10 Clayey SAND-C 20 17.0 18.0 8.0 33 - 14000

11 Silty SAND-II 30 17.0 18.0 8.0 34 - 21000

12 Clayey SAND-I 35 19.0 20.0 10.0 34 - 24500

13 CLAY-AIV 30 18.0 18.0 8.0 - 180 21000

14 Clayey SAND-II 50 19.0 20.0 10.0 35 - 35000
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VCL=296.000, VCR=13500
VCL=480.000, VCR=80000

P7

76500 104000

P1

50000

MSL=0.00
HHWL=4.99

LWL=2.89

Note: Pier names P8, P9 are not used.
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