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1. INTRODUCTION 

The Foundation Engineering Services for the present project involve the detail foundation 

investigation and design for the rehabilitation of 59 structures in MTO West Region along Highways 

4, 6, 401, 402 and 403.  Ten (10) Group Work Projects (GWP’s) are contemplated to be completed 

between 2014 and 2020. 

This technical memorandum summarizes the factual results of geotechnical data based on the 

review and compilation of existing subsurface information from relevant reports in the MTO 

GEOCRES Library for the Little Baptiste Creek Bridge EBL. The Foundation Engineering 

recommendations from the existing bridge foundation reports are summarized with reference to the 

“Canadian Highway Bridge Design Code” (CHBDC) and follow in general the “Guidelines for 

Professional Engineers providing Geotechnical Engineering Services”. 

From the Minutes of Meeting Report, dated July 24, 2014, it is understood that the rehabilitation of 

the bridge structure is anticipated and the rehabilitation will be completed in a single stage of 

construction using median crossovers.  

The purpose of the Technical Memorandum is to summarize the subsurface and groundwater 

conditions and foundation recommendations based on available reports at the bridge location for the 

design project team’s reference.  

The elevations in this report are expressed in meters, unless otherwise noted. 
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2. PROJECT SITE BACKGROUND AND GEOLOGY 

The Little Baptiste Creek Bridge EBL on Highway 401 is located in the Geographic Township of 

Tilbury East, Kent County, Ontario.  A key plan map is shown in Figure 1.   

The existing structure is a single span reinforced concrete rigid frame structure that carries two lanes 

of Highway 401 Eastbound traffic. The Little Baptiste Creek is actually a man-made drainage ditch, 

very straight, and of very low gradient resulting in sluggish flow.   

This site is located on a very flat lacustrine clay plain in the physiographic region known as the St. 

Clair Clay Plain, which consists of relatively deep typically very stiff clayey silt and silty clay till 

deposits. Topographically, Tilbury is situated in a very flat area with generally poor drainage 

indicative of deep lacustrine clay plain. Based on geological information, between 37.2 and 61.0 m, 

most probably about 45.7 m, the site is underlain by limestone of Devonian age. Adjacent areas are 

underlain by black shale.  

3. SOURCE INFORMATION 

The following foundation report and drawing, appended in Appendix A, were available for review and 

provided information for bridge structure, subsoil information and original foundation 

recommendation. 

1. Report on Soil Site Investigation at Highway 401 – Little Baptiste Creek Crossing 

W.P 162-58, Job No. 58162, Tilbury East by E. M. Peto Associates Ltd. for 

Department of Highways of Ontario, dated January 28, 1959, GEOCRES 40J08-017.  

(Reference 1) 

2. Little Baptiste Creek Bridge – General Layout, The King’s Highway No. 401, District 

No. 1, Lot 14 and 15, Con. IV, Township of Tilbury East, County of Kent, W.P 162-

58, TWP 104-187-1-B, Department of Highways Ontario, dated July 1959.  

(Reference 2) 
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4. SITE RECONNAISSANCE 

As part of the current foundation engineering assessment study, a site reconnaissance of the Little 

Baptiste Creek Bridge EBL was carried out on October 20, 2013. A photographic record of the site 

visit is attached in Appendix B.   

The slopes on both sides of the abutments were heavily vegetated at the time of the site 

reconnaissance (Photographs 1, 2 and 4). No obvious major cracks were observed on the abutment 

walls except some surficial cracks (Photographs 2 and 3). No erosion or scour on front slopes and 

slope edges were observed (Photographs 2 and 3). The slopes were observed to be in surficial 

stable condition. Weeping holes in the abutment walls were open.  

5. PREVIOUS FIELD INVESTIGATION AND SUMMARIZED SUBSURFACE CONDITIONS 

The site is located on Hwy 401 in the Geographic Township of Tilbury East, Kent County, Ontario. 

The general subsurface conditions presented in this section are based on the soil investigation 

Report, GEOCRES 40J08-017 dated February 28, 1959.  

The subsurface investigation was carried out in the period from December 16, 1958 to January 15, 

1959. The investigation comprised five boreholes which were advanced to depths of 8.0 to 37.2 m, 

elevation 140.4 to 170.0. The field investigation was carried out by means of a skid-mounted 

diamond drill rig. Standard sampling procedures were followed.  The samples were recovered at 

frequent interval depths with either 50 mm (2 in.) or 76 mm (3 in.) O.D. split barrel sampling tube, 

Shelby tube or split barrel sampling tube fitted with brass liners and special sharp cutting nose. 

The soil investigation report includes the borehole location plan (Drawing No.F3534-7), Record of 

Borehole sheets (1 to 5) and summary of the Field and Laboratory tests.   

Fill 

Adjacent to the creek on both sides was a 0.9 to 1.7 m thick layer of silty clay that was excavated 

when the drainage ditch was constructed. There was also a 600 to 900 mm layer of sandy gravel fill 

material encountered on the  east side of the creek which constituted the gravel side road.  
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Silty Clay and Stratified Silty Clay (Desiccated) 

The upper most silty clay layer of stiff to very stiff consistency (except for the upper firm zone in 

borehole 4), which was due to desiccation and chemical weathering, was encountered in all 

boreholes and extended to depths of 7.0 to 8.5 m, elevation 169.0 to 171.1. The consolidation test 

performed for the desiccated silty clay layer obtained a compressive index of 0.130 and it appeared 

that the soil was slightly over-consolidated with an over-consolidation ratio of 1.41. Two grain size 

analyses results indicated that the silty clay samples consisted of 20 and 22% sand and gravel, 39 

and 40% silt, and 39 and 40% clay sized particles.  

N values recorded ranged between 9 and 27, locally 6 in borehole 4, which correspond to stiff to very 

stiff consistency, locally firm; however, the general consistency was in stiff state. Laboratory shear 

strengths obtained typically ranged from 62.4 to 298.4 kPa (1304 to 6232 psf). The Atterberg liquid 

limits ranged from 32.2 to 54.2 and plastic limits ranged between 17.5 and 23.0 for the desiccated 

silty clay samples. The plasticity index ranged from 13.5 to 31.2. Unit weight of the upper silty clay 

samples varied from 19.2 to 21.5 kN/m
3
.  Moisture content determinations ranged from 16.4 to 29.9%. 

Silty Clay 

Below the desiccated silty clay layer, a stratum of firm to stiff silty clay was encountered which 

extended to depths of 8.0 to 28.9 m, elevation 149.1 to 170.0.  N values recorded ranged between 6 

and 10 which correspond to firm to stiff consistency. The general consistency was in firm state. 

Laboratory shear strengths obtained typically ranged from 19.9 to 55.1 kPa (416 to 1150 psf). The 

Atterberg liquid limits ranged from 29.4 to 34.7 and plastic limits ranged between 16.0 and 19.3 for 

the desiccated silty clay samples. The plasticity index ranged from 13.4 to 15.8. Unit weight of the 

silty clay samples varied from 19.4 to 20.8 kN/m
3
.  The report indicated that this soil has a very low 

sensitivity, and is generally wetter than, or much wetter than, the plastic limit.  Moisture content 

determinations ranged from 22.6 to 26.6%. 

A consolidated undrained triaxial test with pore water measurement was performed on undisturbed 

silty clay samples of this layer to failure at a rate of strain of 0.2195 m/day (0.006 in./minute). 

However, very low unit strains of 8.0 to 8.5% developed in the samples and thus, the pore-water 
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pressure built up due to application of axial load was very low.  A consolidation test on this soil 

sample obtained a compressive index of 0.318. The clay appeared to be normally consolidated 

based on the pressure-void ratio curve from the consolidation test.   

Sandy and Silty Clay Till 

Below the lower silty clay layer a stratum of sandy silty clay till was encountered at about 27.4 to 

28.9 m. elevation 149.1 to 150.1 (489.3 to 492.6 ft.). There was no sampling carried out from this 

stratum, but the probing indicated that it was of firm to stiff consistency.  

Silty fine to Coarse Sand and Gravel 

The sandy and silty clay was underlain by very dense silty fine to coarse sand which was 

encountered in borehole 3 and extended to the termination depth of 37.2 m, elevation 140.4.   

Groundwater 

Groundwater was not established during the investigation in the five boreholes because of very 

impermeable silty clay but the soil at this site was found to be saturated virtually throughout its full 

depth except in samples between 1.8 to 2.4 m (6 to 8 ft.). The final groundwater level was estimated 

close to the stream level at elevation 175.0.  

The report indicated that true water table concept does not exist in the very impermeable soil type 

that was encountered at the site location.  For the purpose of computing effective stresses, 

submerged unit weights of the soil below creek water level were used.  
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The following table summarizes the groundwater information obtained at this site location. 

Borehole Date Measured Depth Elevation 

1 December 19 and 20, 1958 
3.4 m (11 ft.) 

Final groundwater level 
corresponded closely to creek 

water level. 

174.7 m (573.3 ft.) 

2 December 22, 1958 
3.8 m (12.5 ft.) 

Final groundwater level 
corresponded closely to creek 

water level. 

174.3 m (572 ft.) 

3 January 1, 1959 
12.2 m (40 ft.) 

Final groundwater level 
considerably below creek level 

165.4 m (542.7 ft.) 

January 2 and 3, 1959 Hole caved-in. No water. - 

4 January 6, 1959 
8.8 m (29 ft.) 

Final groundwater level 
considerably below creek level 

168.6 m (553.1 ft.) 

5 January 16, 1959 No groundwater encountered - 

6. FOUNDATION  

6.1 Previous Foundation Recommendations 

Engineering Considerations 

1. By utilizing the soil moisture content profile versus depth, the correct unit weights and void 

ratios were computed backwards, assuming 100% saturation because the ‘undisturbed’ soil 

samples swelled upon removal from the ground. 

2. The usual corrections to the consolidation e-log p curve for sample disturbance could not be 

applied properly due to the odd behaviour of the soil which obscures the pre-consolidation 

history. 

3. It was understood that the final road grade at the crossing would be some 1.8 m (6 ft.) above 

original grade on both approaches to the creek and that the highway would cross the creek 

on a skew. 
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4. The shape of the stress-strain curves for the clay samples tested indicated that the local 

shear failure condition ought to be assumed and that the total allowable soil bearing 

pressure including the weight of 1.8 m (6 ft.) of embankment fill would be given by the 

equation qallowable = 3.8(C/S.F.)(1+0.3(B/L)). With recommended values of the ultimate soil 

shear strength C = 105 kPa (2200 psf) and a safety factor (S.F) of 3, the equation becomes:  

qallowable = 2780(1+0.3(B/L)) psf or qallowable = 133(1+0.3(B/L)) kPa 

Where B = Width of rectangular footing; L = Length of footing; 

No additional bearing capacity due to surcharge was allowed because of the proximity of the 

footings to the creek.  

5. In order to obtain an estimated magnitude of settlements involved, the following case was 

assumed: simply supported, single 20 m (66 ft.) span bridge, steel structure with concrete 

deck and concrete abutments, width 7.9 m (26 ft.), total weight approximately 357 kN (364 

tons) and reaction at each end = 1619 kN (364 kips).  The report stated that the above 

assumptions were only valid if two separate bridges were used for the Eastbound and 

Westbound lanes.  Further, dead load, live load, wind load, weight of embankment behind the 

abutment, etc., were considered to utilize the full allowable soil bearing capacity.  In addition, 

one large footing (1.5 by 7.9 m or 5 ft. by 26 ft.) at each end was assumed to estimate the 

settlement at various depths. 

Depth 

m (ft.) 
Po, kPa (psf) 

Newmark 

Distribution, 

Δp kPa (psf) 

Po+ Δp 
Po 

Log Po+ Δp 
Po 

HoCi 
1+eo 

mm (in) 

Settlement, S 

mm (in) for 

increment 

considered 

1.2 (4) 69.1 (1444) 89.8 (1876) 2.298 .3614 203.7 (8.02) 73.6 (2.90)  

3.7(12) 81.4 (1700) 64.3 (1343) 1.792 .2533 206.5 (8.13) 52.3 (2.06) 

10.0 (33) 146.2 (3054) 7.1 (148) 1.050 .0212 1943.1 (76.5) 39.1 (1.54) 

23.3 (67) 249.3 (5206) 3.3 (68) 1.013 .0056 1986.3 (78.2) 11.1 (0.44) 

Estimated Total Settlement 176.1 (6.94) 
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Settlement of sandy and silty clay till soils was considered negligible.  

It was anticipated that 20% of the total settlement would be due to recompression, and would 

occur rapidly during and after application of first load. Further, it was anticipated that a bridge 

structure would settle uniformly and differential settlements would be within practical limits for a 

statically determinate structure. 

 Recommendations and Conclusions 

1. The soil report stated that a large multi span reinforced concrete box culvert may be suitable 

for this site. The large contact area of the culvert base with the soil would automatically 

insure that low unit pressures would be applied to the soil.  

2. If a bridge structure was to be used it could be founded on spread footings placed in the stiff 

clay crust. The report recommended that the bridge footings be placed at elevation 175.0 

(574 ft.), approximately similar to the water level in the creek. It was contemplated that at this 

elevation, the possibility of footing movements due to shrinkage or swelling accompanying 

soil moisture changes would be eliminated. Although scouring was not anticipated at this site 

location, some form of scour protection was recommended. 

3. It was recommended to construct a statically determinate bridge structure for this site to 

eliminate large bending moments which could be induced by possible differential settlement.  

4. The report indicated that some differential settlement between the bridge and the highway 

embankment could be expected.  

5. The report suggested safe allowable loadings in the order of 144 kPa (3000 psf) may be used 

at the site 

6. No construction problems were anticipated at this site. It was anticipated that excavation, 

even below the stream water level, could be maintained in a dry condition because of the 

impermeability nature of the cohesive soil.  
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Based on the Little Baptiste Creek Bridge General Layout  drawing (Reference 2), the bridge 

was designed to be constructed as a single span 24.4 m (80 ft.) rigid frame on spread footings 

placed at elevation 173.1 (568 ft.). The original ground slopes were shown to be cut back and 

were to be graded at 2H:1V at the bridge site location. 

6.2 Assessment of Foundation Parameters 

Based on the previous investigation and subsurface conditions encountered, the following table 

summarizes the foundation design parameters that were recommended in the previous report and 

the updated geotechnical reaction at SLS and factored geotechnical resistance at ULS are provided.  

FOUNDATION DESIGN PARAMETERS 

Foundation 
and Type 

Elevation 
of 

Footings 
(m) 

Previous 
Safe 

Bearing 
Resistance 

(psf)
1 

Previous Equivalent Limit 
State Design Values 

Limit State Design Values 
Updated to current industry 

practices
2 

SLS 
Geotechnical 

Reaction 
(kPa) 

ULS 
Geotechnical 
Resistance 
Factored 

(kPa) 

SLS 
Geotechnical 

Reaction 
(kPa) 

ULS 
Geotechnical 
Resistance 
Factored 

(kPa) 

East 
Abutment 
on Spread 

Footing 
173.1  

(568 ft.) 3000 144 215 250 375 

West 
Abutment 
on Spread 

Footing 

 
Notes: 1. Working stress design values.  The Ultimate Limit State design values are based on the working stress.  

No field verifications were made. 
 2. Resistance Factor = 0.5 for shallow foundation (CFEM 4

th
 edition) 

  Assumed Factor of Safety is 3 (CFEM 4
th

 edition) 

The seismic site coefficient for the conditions at this site is 1.0 (soil profile Type 1, Canadian Highway 

Bridge Design Code (CHBDC) 2006 Edition, clause 4.4.6).  The bearing resistance for inclined loads 

should be reduced in accordance with the requirements of clause 6.7.4 of the CHBDC. The 

foundation frost penetration depth at the site is 1.2 m according to OPSD 3090.101. 
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7. DISCUSSION 

The Little Baptiste Creek Bridge EBL on Highway 401 is located in the Geographic Township of 

Tilbury East, Kent County, Ontario.  The existing bridge is a single span reinforced concrete rigid 

frame structure that carries two lanes of Highway 401 Eastbound traffic. 

From a geotechnical point of view, at the present time, foundation work for the Little Baptiste Creek 

Bridge EBL is not expected provided that the dead load on the overpass does not increase or 

decrease by more than 10%.  

It is understood that rehabilitation of the bridge structure is anticipated and that rehabilitation will be 

completed in a single stage using median crossovers.    

Further, it is suggested that the weep holes in the abutment walls should be maintained and cleaned 

at a regular basis to prevent any clogging of the holes.  Regular maintenance of the weep holes will 

keep the water flowing from behind the abutment walls and will mitigate hydrostatic pressure to 

build-up behind the abutment walls.    

In addition to the rehabilitating the bridge, the exposed earth in front of the abutment walls may be 

protected from scouring effects with rock protection, rip-rap or equivalent materials. The aggregate 

materials should conform to OPSS.PROV 1004 and the construction of the rock protection, rip-rap or 

equivalent material should conform to OPSS 511.  
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TABLE 1 

LIST OF STANDARD SPECIFICATIONS REFERENCED IN REPORT 

DOCUMENT TITLE 

OPSS 511 
Construction Specification for Rip-Rap, Rock Protection, and 
Granular Sheeting 

OPSS.PROV 1004 Material Specification for Aggregates - Miscellaneous 

OPSD 3090.101 Foundation Frost Depth for Southern Ontario 
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Figure 1 – Key Plan 
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APPENDIX A 
 

Soil Investigation Report – Little Baptiste Creek (GEOCRES 40J08-017) 

General Layout – Little Baptiste Creek Bridge, dated July, 1959 
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APPENDIX B 
 

Site Photographs 
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Photograph 1:  Looking at the Little Baptiste Creek Bridge EBL structure from the southeast corner 

of the bridge.  Vegetated slopes on either side of the banks were observed.  Erosion of the slope 

faces was not observed.  (October 20, 2013) 

  

Photograph 2:  Looking at the Little Baptiste Creek Bridge EBL structure from south of the bridge.  

The banks were heavily vegetated.  No erosion of the slope faces was observed.  (October 20, 2013) 
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Photograph 3:  Looking at the west abutment wall from the southeast corner of the structure. 

Scouring of the exposed earth was observed.  Weep holes in the wall were open and wet.     

(October 20, 2013)   

 

Photograph 4:  Looking at the east abutment of the structure from the northwest corner of the 

structure.  Scouring of the exposed earth in from of the abutment wall was observed.  Weep holes in 

the wall were open.  (October 20, 2013) 




