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SUBJECT

LOAD DISTRIBUTION IN SINGLE LANE SHEAR CONNECTED SLAB BRIDGES (REV 1)

As previously discussed in the “Evaluation of CAN/CSA-S6-00 (2000 Canadian Highway bridge
Design Code)”, Section 5 does not include live load distribution factors for single lane multi-
spine bridges. Associated Engineering therefore retained Dr. Baidar Bahkt to derive the required
live load distribution factors. The following summarises the result of the work completed (A
complete copy of the report prepared by Dr. Bakht is attached to this memorandum).

1. CHARACTERISATION PARAMETER

All slab bridges can be characterised by the following parameter:

p- A2

Where: 2b = overall bridge/deck width

L = span
K stiffness parameter defined as
1 021
K=—--—
3 S
Where: t slab thickness
S = slab width
2, | DISTRIBUTION OF LONGITUDINAL MOMENTS

As outlined in CAN/CSA-S6-00 Clause 5.7.1.2 , the longitudinal moment can be calculated as
follows:

Mg =F, x Mgm
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Where: M

Average moment per slab assuming the total moment is shared
equally by all slabs

For shear connected slab bridges, F,, is defined as follows:

__SxN
’"_F+,ufo

Where: : ﬂ - 2—b—f—2?

F and Cf are defined in Table 1

Table 1
Definition of Fand C; for Calculation of Longitudinal Moments

Axle Spacing Load F C,
(mm) Distribution

60:40 3.73-0.26 5 0.75-0.124
1800 ,

50:50 4.10-0.275 0.75-0.124

60:40 3.85-0.276 0.75-0.125
1980

50:50 4.05-0.22( 0.75-0.125

60:40 4.65-0.455 0.9-0.154
2660

50:50 4.18-0.215 0.9-0.154

3. DISTRIBUTION OF LONGITUDINAL SHEAR

As outlined in CAN/CSA-S6-00 Clause 5.7.1.5, the ldngitudinal shear can be calculated as
follows:

V. =F xV.

g v gave

i

Where: |14 Average shear per slab assuming the total moment is shared

equally by all slabs

For shear connected slab bridges, F, is defined as follows:
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Sx N
v =T o~
F+ uxC,
2b- 426
Where: H=—"7%210
124
F and C;are defined in Table 2
Table 2
Definition of F and C, for Calculation of Longitudinal Shears
Axle Spacing Load F C;
(mm) Distribution
60:40 2.76-0.104 0.30-0.045
1800
50:50 3.16-0.105 0.30-0.04,4
60:40 2.90-0.175 0.28-0.044
1980
50:50 3.22-0.105 0.28-0.04(
60:40 2.90-0.114 0.40-0.05(
2660
50:50 3.38-0.114 0.40-0.055
4. TRANSVERSE SHEAR IN WELDED SHEAR CONNECTORS

The following method outlines the calculation of the transverse shear demand (7,

welded shear connector.

V max V(§£k—)
7 1.6

Where: S

V defined in Table 3

shear connector spacing
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Table 3
Definition of V for the Calculation of Transverse Shear in Welded Shear Connector

Axle Spacing Load ' 4
(mm) Distribution (kN)

60:40 (P/306.8)x(58-4,5)
1800

50:50 (P/306.8)x(54-4,5)

60:40 (P/409.2)x(60-55)
1980

50:50 ~ (Pl409.2)x(58-5)

60:40 (P/613.8)x(68-35)
2660

50:50 (P/613.8)x(64-4.5)
Note:

1. P is defined as the total weight of the tandem axle i.e.
250 kN for CL-625 truck or 0.4W for CL-W truck

5. SKEWED SLABS

Given that skewed geometry tends to magnify longitudinal shear in exterior slabs, and the initial
methodology presented is applicable to right angle bridges only, Dr. Bakht completed a further
study to investigate the effect of bridge skew. A copy of this report has been included with this
Memorandum.

Based on this study, typical shear magnification factors for skew bridges ranged from 1.00-1.05
for skews less than 30° to 1.05-1.08 for skews between 30-45°. If the effect of skew were to be
ignored, this would suggest that shears would be underestimated by a maximum of 8%. Since an
un-safe error of 5% is considered acceptable in bridge design, we feel that the effect of bridge
skew on shear-connected slab bridges could be ignored without resulting in an un-safe shear
design.

6. DESIGN METHODOLOGY FOR SHEAR CONNECTED SLAB BRIDGES

Based on the above the following methodology can be adopted for the design of single lane
welded or grouted shear connected slab bridges if the bridge conforms to the requirements of
CAN/CSA-S6-00 Clauses 5.6.1 and 5.6.2 (see Section 6 of this memorandum):

. Longitudinal moments calculated in accordance with the methodology outlined in
Section 2.
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. Longitudinal shear calculated in accordance with the methodology outlined in
Section 3 (effect of bridge skew can be ignored).
. Torsional moment can be ignored.
. Shear connectors be spaced between 1.6 and 2.1 m
. Incorporate MoF standard shear connector designs based on design vehicle
loading.
. Section design in accordance with relevant clauses in CAN/CSA-S6-00 Section 8

(Concrete Structures) including requirements for minimum transverse
reinforcement where required.
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direction, and transversely as shown in Fig. 23. The maximum value of shear in a shear key of
each idealized bridge was calculated from PLATO results by integrating Vy over a length of
1.6 m, at intervals of 0.2 m. The Simpson’s rule was used for the numerical integration.

63.4 92.0 kN Wheel loads (TYP)
w!r l Truck Al
76.6 76.6 kN
Truck A2

LO;60,._ 1.80 0.60.| m

81.8 122.8 kN
Truck B1
102.3 102.3 kN
Truck B2
| H |
0.60 1.98 :0_.6_2,_| m Critical section (TYP)
122.8 184.1 kN
Truck C1
153.5 153.5 kN
+ 3 Truck C2
T

| . i

0.60_ 2.66 0.64_| m J

Figure 24 Transverse truck positions to induce maximum transverse shear

Results of analyses and calculations leading to the maximum values of shear in a shear key are
given in Appendix C in a spreadsheet format. Advantage was taken of the symmetry of loading
in the longitudinal direction of the bridge by integrating the area under the Vy curve over only
half the length under consideration, i.e. over 0.8 m. The numerical accuracy of the input data was
confirmed by plotting the calculated values of the shear force per shear key against b. For trucks
with uneven distribution of whedl loads, these plots are given in Fig. 24 (a), and for trucks with
equa distribution of wheel loadsin Fig. 24 (b).

It can be seen in Figs. 24 (a) and (b) the shear-b plots conform to well-defined patterns. In
addition, for a given value of b, the maximum transverse shear force per shear key is higher for
the heavier truck. Uneven distribution of wheel loads also leads to higher shear forces.

Using the results of analyses given in Appendix C, it would have been a straightforward
matter to develop graphical charts similar to those given in CHBDC Clause 5.7.1.8. However,
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the nearly linear shear-b curves of Figs. 24 (a) and (b) suggested that a user-friendlier format can
be adopted for the exercise at hand. Similar to the methods for longitudina moments and shears,
given in Chapters 3 and 4 respectively, the proposed method for transverse shears is based on the
vaueof b.
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Figure 25 Transverse shear in shear keys at a spacing of 1.6 m: (a) due to trucks with
60:40 wheel load distribution; (b) due to trucks with 50:50 wheel load distribution

Values of transverse shear per shear key, V, obtained by orthotropic plate analyses are compared
in Table 7 with those obtained by the proposed method. As shown in this table, within the
practical range b (from 1.65 to 3.52) the values of V given by the proposed simplified method are
within 3% of the values obtained by rigorous analysis. Even outside the practical range of b, the
difference between the two sets of values is within 6%, thus confirming the accuracy of the
proposed method.
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Table7 Comparison of transverse shear per shear key obtained by rigorous and simplified
methods for shear key spacing of 1.6 m

Design | Method of analysis/ V in kN per shear key for b =

Truck | Differencein values 1.65 211 2.72 3.52 5.04

Al Orthotropic plate 39.2 44.3 47.0 50.0 53.0
V =58-4b 37.8 43.9 47.1 49.6 51.4
Difference 3.6% 0.9% 0.2% 0.8% 3.0%

A2 Orthotropic plate 34.5 39.8 42.7 45.6 48.6
V=54-4b 37.8 43.9 47.1 49.6 514
Difference in percentage 3.6% 0.9% 0.2% 0.8% 3.0%

Bl Orthotropic plate 39.5 45.0 47.8 50.3 52.7
V=60-4b 39.8 45.9 49.1 51.6 534
Difference in percentage 0.8% 2.0% 2.7% 2.6% 1.3%

B2 Orthotropic plate 34.9 40.9 44.1 46.9 49.5
V =58 -5b 32.8 40.4 444 47.5 49.8
Difference in percentage 6.0% 1.2% 0.7% 1.3% 0.6%

C1 Orthotropic plate 52.5 56.9 59.0
V=68-3b 52.9 57.4 59.8
Difference in percentage 0.8% 0.9% 1.4%

C2 Orthotropic plate 45.3 50.5 53.2 55.6 58.0
V=64-4b 43.8 49.9 53.1 55.6 574
Difference in percentage 3.3% 1.2% 0.2% 0.0% 1.0%

52  Proposed method

The maximum shear force Vy max in shear keys, spaced at a centre-to-centre distance of Sy in
metres, shall be obtained from the following equation.

x5, 0
15] Vo =V 22
[15] Y 31.6;21

where the datum vaue of the transverse shear force V for Sy = 1.6 m, is obtained from the
expressions given in Table 8 for the design truck under consideration. The value of b, used these
expressions shall be obtained from Equation [5]. In the case of continuous shear keys, Sk shall be
assumed to be 1.0 m, and the value of Vy max thus obtained shall be for a1.0 m length of the shear
key.

Thevalue of V in kN for the CL-W Design Truck of the CHBDC (2000) shall be obtained
from the following equation, in which Wis the total weight of the design truck in kN.

16] Vv =&
[16] ¢
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Table 8 Expressions for V, transverse shear in single-lane shear-connected concrete plank
bridges with a shear key spacing of 1.6 m

Design Whee load | V,kN/
truck distribution | shear key
Al 60:40 58—-4Db
A2 50:50 54—4Db
Bl 60:40 60—-5Db
B2 50:50 58-5Db
C1l 60:40 68—3Db
C2 50:50 64-4b

When the total weight of the two closely-spaced axles of a truck are different from those of the
CL-W Truck or those given in Fig. 7, expressions given in Table 8 can be used for trucks with
different spacings between centres of their lines of wheels. It is noted that in this table, 4P refers
to the total weight on the two closely-spaced axles.

Table9 Alternative expressions for V, transverse shear in single-lane shear-connected
concrete plank bridges with a shear key spacing of 1.6 m

Spacing between lines | Wheel load | V, kN /

of wheels, mm distribution | shear key

Al 60:40 (4P/306.8)%(58 — 4 b)
A2 50:50 (4P/306.8)x(54 —4 b)
Bl 60:40 (4P/409.2)x(60 — 5 b)
B2 50:50 (4P/409.2)x(58 — 5 b)
C1 60:40 (4P/613.8)x(68 — 3 b)
C2 50:50 (4P/613.8)x(64- 4b )
53 Example

The Harris Creek Bridge, described in Section 3.7, is analysed for transverse shear under
Truck Al (see Fig. 7); this bridge has welded shear keys with a centre-to-centre distance of
2.03m. Thevaueof b =2.38.

From Table 8, V =58 - 4x2.38 = 485 kN. From Equation [15], the maximum transverse
shear, Vy max, in a shear key of the Harris Creek Bridge = 2.03x48.5/1.6 = 61.5 kN.
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