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< Class 100 after re-
isolation

Skew supports

Prestressed bridge



DETERMINISTIC
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DETERMINISTIC
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Class 100
Vertical wall Horizontal wall
COt(e) Hreinforcement Hconcrete COt(e) Hreinforcement | Mconcrete
3m 4 0.98 0.90 1.65 1.31 1.32
4 m 4 0.94 0.86 1.65 1.25 1.26
5m 3.9 0.91 0.79 1.65 1.18 1.18
Class 70
Vertical wall Horizontal wall
COt(e) “reinforcement “concrete COt(e) “reinforcement pconcrete
3m 4 0.81 0.68 1.65 0.99 0.99
4 m 4 0.78 0.65 1.7 0.92 0.97
5m 4 0.74 0.62 1.8 0.83 0.95
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Vreinforcement = Vconcrete

tef-z-vt-fC

1
(COtG + cot 9)
tor " V¢ *
cotf = (ef—tfc) -1
fy : AswfV

Critical limit state becomes:

fy-cot-z-Agy, y =

2
\/(Vreinforcement) + (Vconcrete)z
N 2 Vgar




TARGET SAFETY LEVEL

K¢ x (1.00 x Permanent load + 1.25 x ¢ x Vehicle A + 1.05 x ¢ x Vehicle B + 0.56 x UDL)
® the dynamic factor decreases from 1,25 to 1,13.

[ 1
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| 65 65 65 109118109

50 L 32 11.41 45 lulul
| .
Failure Failure with warn- | Failure with warm- | Failure without
type ing and bearing | ing but without ca- | warning

capacity reserve pacity reserve

B, 4.26 4.75 5.20
P, 10” 10° 107

Table 3.1: Required safety index for

11/02/2021

ultimate limit states.

JCSS Workshop on Assessment of Existing
Structures 28th & 29th January 2021

v

RAMBOLL

Reliability-Based
Classification

of e Lowd Carrprg
Capacity of Lunting Bricge



STOCHASTIC TRAFFIC LOAD

Variable Name Type Expected Value CoV (std) R ‘
Loaded H
N H

Vehicle weight Class 100 Uy, 01 Parameters in Normal 1071kN 4.58% ;‘:’:‘1‘ H 3

distribution (49.1kN) T R [
Vehicle weight Class 50 Uz, O Parameters in Normal 521kN 9.42% i f:Bndgc

distribution (49.1kN) i
Vehicle length Ly Deterministic 19.0m _ “}L\

Loaded
Vehicle length Lo Deterministic 11.9m Vehicle
Lane2 | Lane | Lane |
Influence length Iy, 11, Deterministic 32.1m
Figure 5.1 - Novma! Pasiage Stnurion, Heavy mrovesport + Stamdord velvicle
Dynamic increment £ Normal 0.0 100%
The total extreme load effect:
Model Uncertainty Ity Ima Normal (independent) 1.0 10%
y Fnax(q)
Relative importance 1, P2 Deterministic 0.90/0.10 _
=exp(—(v1 — V12)T(1 - F1(Q))

Annual truck frequency Ny, N, Deterministic - exp (_(VZ — V12)T(1 —F (q)))
Speed Vi, Vs Deterministic * €Xp (—V12T(1 - F12 (q)))
% Trucks in flow Load,, Load. Deterministic 100%/100%
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STOCHASTIC VARIABLES

Variable Name Type Expected Value CoV (std)
Concrete, Compressive fc Log-Normal 36.2MPa 17.43% ﬁ =374
Strength (631MPa) )
ﬁtarget =4.75
Steel Strength fy Log-Normal 582MPa 11.15%
(65.45MPa)
Dead Load DL Normal 1.0 7.1%
Variation in Beta as a Function of Concrete Strength
Superimposed Dead Load ~ SIDL Normal 1.0 11.18% ced e BIORM B LSORM  SSeesenMIN
“, B T ) e ane
Parasitic Forces IPAR Normal 1.0 7.1% , ‘ [ e e s ™
Young’s Modulus Ec, Es Deterministic X
15
Area of reinforcement As Deterministic 1
L3 5 3 L1 » &0 &) 4 43 ot B
Reinforcement cover c Deterministic Mean fcu (MPa)
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UPDATED CONCRETE STRENGTH

Variable Name Type Expected Value CoV (std) Results of Cylinder Tests on the Structure, fo« = 61.5MPa.
Based upon Eurocode assume fi = 50MPa.
Concrete, Compressive fc Log-Normal 58.7MPa 15.87%
Strength (9.32MPa)
Steel Strength fy Log-Normal 582MPa 11.15% Cylinder Strength
(65.45MPa)
80 * .
Dead Load DL Normal 1.0 7.1% > * ® 0 - * & Py *
- 60 -
Superimposed Dead Load ~ SIDL Normal 1.0 11.18% % 40
2 20
Parasitic Forces IPAR Normal 1.0 7.1%
0
Young’s Modulus Ec, Es Deterministic 01 2 3 45 6 7 8 9 1011 12
. L Cylinder Number
Area of reinforcement As Deterministic
Reinforcement cover c Deterministic falspal | EL7 Jovpa) | ¥,

K Te7s 022
10 128 018
15 159 017
1248 016
2 0.6 014
30 163 014
i Tas 013
0 %0 ol
48 |28 0.12
| ) @ o1 |
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RESULTS

Table 1: Old and new partial safety factors - Vestmotorvejen

Deterministic B=5.33 B =482 A2 12000 L0 [0 05 _sedveczz
with Class 100 with Class 115 7, 3.30% e
. Ipae, 2.60%
Class 115 vehicle 1.25 - 1.19
DAF], 6.70%
Class 100 vehicle 1.25 1.31 -
Class 50 vehicle 1.05 1.08 1.08 et
Dynamic Amplification 1.13 1.16 1.14
®class11s
fy, 15.40%
Dynamic Amplification 1.13 1.14 1.14
Pclassso
fcu, 22.30%

Ye 1.45 1.30 1.38
¥s 1.20 1.12 1.1
Kg; 1.1 1.0 1.0
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' RAMBOLL |
CONCLUSIONS

» Capacity upgrade from Class 70 to Class 115
« Avoidance of unnecessary repair
+ Cost savings

+ CO2 savings
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