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May 12, 2020 

File: 2019-2660-02 

 

Brian Chow, M.Eng., P.Eng. 

Chief Engineer 

Engineering Branch 

Ministry of Forests, Lands, Natural Resource Operations and Rural Development 

1520 Blanshard Street 

Victoria, BC  V8W 3K2 

 

Re: ALTERNATIVE METHODOLOGY FOR DETERMINING THE SHEAR CAPACITY OF END 

PANELS ON EXISTING GIRDERS 

 

Dear Mr. Chow: 

 

The Ministry of Forests, Lands, Natural Resource Operations and Rural Development (Ministry) 

retained Associated Engineering (AE) to develop a methodology for checking the shear capacity of 

existing girder end-panels that have insufficient shear capacity (LLCF < 1.0) when evaluated using  

CAN/CSA S6-14 (S6) Section 3 and 14. The purpose of this letter is to a provide a more detailed 

description of the proposed methodology which is based on Eurocode 3: - Design of Steel Structures – 

Part 1-5 (EC3) and outlined in AE’s April 2020 report, “Steel Plate Girder Shear Design - Anchorage of 

Tension Field Action”. 

 

The following describes the proposed approach for evaluating bridges outside of the warranty period, 

including a detailed description of the relevant EC3 clauses used to determine the shear capacity of the 

end panel. For Ministry owned bridges that are within their warranty period use the procedure 

described below except that the dead and live load demands should be calculated using S6 Section 3 

load factors. 

1. Determine the factored shear demands using S6 Section 14 assuming: 

• System behaviour – S1 (assumes failure of the girder will result in failure of the of the 

bridge, i.e. twin girder system) 

• Element behaviour – E3 

• Inspection level – To be confirmed based on the available inspection information 

• Traffic type – PA. 

2. Confirm that the bearing and transverse stiffeners conform to S6 requirements (Section 3 Cl. 

10.10.6). 

3. Confirm the girder end support conditions in accordance with EC3. 

4. Determine the shear resistance of the end panel using EC3. 

5. Calculated the LLCF as follows:  
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𝐿𝐿𝐶𝐹 =  
𝑉𝑟−𝐸𝐶3 −  ∑ 𝛼𝐷 𝐷

𝛼𝐿𝐿(1 + 𝐼)
 

Where: 

Vr-EC3 = Shear resistance calculated in accordance with EC3 (refer to Section 1 of 

   this letter) 

αD and αL  = load factors calculated in accordance with S6 Section 14 

D and L  = Dead and Live Load demands calculated in accordance with S6 Section 14 

I   = Dynamic Load Allowance calculated in accordance with S6 Section 3, i.e. no  
     speed restrictions. 

If the LLCF ≥ 1.0, there is no need to retrofit the bridge, and the bridge can be posted without 

any load restrictions. 

6. During future visual inspections, confirm that the end panel is not subject to deformation 

resulting from high shear stresses in the end panel. The expected shear deformation will 

present itself as buckling of the end panel (for additional information see AE April 2020 report 

mentioned herein). 

 

1 EC3 END PANEL SHEAR CAPACITY CALCULATION  

Clauses 5 and 9 of EC3 present the following methodology for calculating the shear resistance of the 

girder end panel. For simplicity, we have ignored the EC3 contribution of flanges to the shear strength 

of the girder. Assuming this, EC3 Equation 5.1 and 5.2 define the shear strength as follows: 

𝑉𝑏,𝑅𝑑 =  
𝜒𝑤𝑓𝑦𝑤ℎ𝑤𝑡

√3𝛾𝑀1

≤
𝜂𝑓𝑦𝑤ℎ𝑤𝑡

√3𝛾𝑀1

 

 
Where: 

fyw  = web yield strength 

hw, t  = are dimensions shown in Figure 1-1 

η  = 1.2 (for fyw < 426 MPa) 

ϒM1  = 1.1 (partial safety factor for resistance to instability) 

χw  = reduction factor for the shear resistance of the web depending on web slenderness  
    taken from Table 1-1 
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Further, to determine χw EC3 requires the designer identify whether the bearing location can be 

considered a rigid or non-rigid end post. A rigid end post should comprise two double sided transverses 

stiffeners that form the flanges of a short beam of length hw (Figure 1-1 (b)). The strip of web between 

the stiffeners forms the web of the short beam. Each double-sided stiffener should have a cross 

sectional are of at least 4hwt2/e, where e is the centre to centre distance between the stiffeners and e > 

0.1hw. The girder end plate may act as a double-sided stiffener if it is symmetrical about the centreline 

of the web, extends the full height of the web and is welded to the web (both sides) and flanges. 

 

A non-rigid end post would consist of a single bearing stiffener as shown in Figure 1-1 (c).  

 

 

Figure 1-1 
Cross Section Notations and End Stiffeners 
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Table 1-1 
Contribution of Web χw to Shear Buckling Resistance 

 Rigid End Post Non-Rigid End Post 

λw < 0.83/η η η 

0.83/η ≤ λw < 1.08 0.83 / λw 0.83 / λw 

λw > 1.08 1.37 / (0.7 + λw) 0.83 / λw 

For stiffened webs (intermediate transverse stiffeners) 
 

𝜆𝑤 =  
ℎ𝑤

37.4 × 𝑡 × 𝜀 × √𝑘𝜏

 

 
Where: 

𝜀 =  √
235

𝑓𝑦

 

𝑘𝜏 = 5.34 + 4 × (
ℎ𝑤

𝑎
)

2

 𝑤ℎ𝑒𝑛 𝑎
ℎ𝑤

⁄ ≥ 1.0 

𝑘𝜏 = 4 + 5.34 × (
ℎ𝑤

𝑎
)

2

 𝑤ℎ𝑒𝑛 𝑎
ℎ𝑤

⁄ < 1.0 

 

Appendix A provides guidance on the determination of whether rigid end post conditions are present 

for various configurations of web heights and bearing / end plate configurations. Appendix B provides 

two worked examples illustrating the described methodology. 
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APPENDIX A - METHODOLOGY FOR VERIFYING EC3 RIGID END POST 
COMPLIANCE  
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End Stiffener Shear Capacity EUROCODE3:2006

≔hw 1500 mm web height
web thickness≔t 9.5 mm

≔bf 375 mm top flange width
≔tf 19 mm top flange thickness
≔a 2208 mm End Panel Stiffener Spacing
≔e 468 mm distance from support to edge stiffner (girder edge)
≔te 12.7 mm beam end stiffener thickness

beam end stiffener width≔be 375 mm
≔E 200000 MPa modulus of elasticity
≔fy 350 MPa Yield Stress

≔ν 0.3 Poisson Ratio
≔γM1 1.1 resistance of members to instability assessed by member checks. EC3-2 

Steel Bridges recomended value
≔γM0 1.0  resistance of cross sections to excessive yielding including local buckling

≔η 1.2 1.2 recomended for steel grade up to S460, 1.0 for higher grade

≔ε =
‾‾‾‾‾‾‾‾
――――
235 MPa

fy
0.819

Section 9.3.1 minimum requirements for Rigid End Post
min e required: min. rigid end post cross section area required:

≔ec1 =⋅0.1 hw 150 mm
≔ec2 =―――

⋅⋅4 hw t2

e
⎛⎝ ⋅1.157 103 ⎞⎠ mm2

if both checks=OK->Rigid End Post ≔be1 =
‖
‖
‖
‖
‖
‖
‖
‖‖

if

else

<――
be
⋅2 te

⋅14 ε

‖
‖be

‖
‖ ⋅⋅⋅14 ε 2 te

291 mm
=if

else

<ec1 e
‖
‖ “OK”

‖
‖ “NG”

“OK” =if

else

<ec2 ⋅te be1
‖
‖ “OK”

‖
‖ “NG”

“OK”
Use only area 
confirming to 
Class3 Section

Section 5 End Panel Shear:

≔kτ =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

if >―
a
hw

1.0

‖
‖
‖‖

+5.34 ⋅4
⎛
⎜
⎝
―
hw
a

⎞
⎟
⎠

2

if <―a
hw

1.0

‖
‖
‖‖

+4 ⋅5.34
⎛
⎜
⎝
―
hw
a

⎞
⎟
⎠

2

7.186 (A.5)

=
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

if <―
hw
t

⋅⋅―
31
η

ε ‾‾kτ
‖
‖ “no need to check”

if ≥―
hw
t

⋅⋅―31
η

ε ‾‾kτ
‖
‖ “check shear buckling”

“check shear buckling”

wexleru
Stamp

wexleru
Stamp



≔σE =――――――
⋅⋅π2 E t2

⋅⋅12 ⎛⎝ -1 ν2 ⎞⎠ hw
2

7.251 MPa (A.1)

≔τcr =⋅kτ σE 52.103 MPa (5.4)

≔λw =⋅0.76
‾‾‾
――
fy
τcr

1.97 (5.3)

TABLE 5.1 RIGID END POST TABLE 5.1 NON-RIGID END POST

≔χw =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

if <λw ――
0.83
η

‖
‖η

if <≤――0.83
η

λw 1.08

‖
‖
‖‖

――0.83
λw

if ≥λw 1.08
‖
‖
‖‖

―――
1.37

+0.7 λw

0.513 ≔χw1 =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

if <λw ――
0.83
η

‖
‖η

if <≤――0.83
η

λw 1.08

‖
‖
‖‖

――0.83
λw

if ≥λw 1.08
‖
‖
‖‖

――
0.83
λw

0.421

- contribution of the web to the shear buckling resistanceχw

- slenderness parameterλw

WEB CONTRIBUTION TO SHEAR:

≔VbwRD =――――
⋅⋅⋅χw fy hw t

⋅‾‾3 γM1

1343.3 kN ((5.2)) shear capacity when rigid post 

≔VbwRD1 =―――――
⋅⋅⋅χw1 fy hw t

⋅‾‾3 γM1

1103 kN capacity when non-rigid post 
(when there isn't an end plate)

FLANGE CONTRIBUTION TO SHEAR (NOT USED):
≔Med ⋅1557 kN m max demand moment within checked panel

≔c =⋅a
⎛
⎜
⎜⎝

+0.25 ――――
⋅⋅1.6 bf tf

2

⋅t hw
2

⎞
⎟
⎟⎠

0.574 m

≔MfRD =⋅⋅⋅tf bf ⎛⎝ +hw tf⎞⎠ ――
fy
γM0

3788 ⋅kN m
EC3 allows for flange 
contribution to shear. it's 
usually small.

≔VbfRD =⋅――――
⋅⋅bf tf

2 fy
⋅c γM1

⎛
⎜
⎝

-1
⎛
⎜
⎝
――
Med
MfRD

⎞
⎟
⎠

2 ⎞
⎟
⎠

62.3 kN (5.8)

≔VbRD =min
⎛
⎜
⎜⎝

,+VbwRD VbfRD ――――
⋅⋅⋅η fy hw t

⋅‾‾3 γM1

⎞
⎟
⎟⎠

1405.6 kN (5.1) EC3 shear capacity 


