
 

 

 

Design of a Pipeline Bridge 

in Northern BC 

Report No. CECDP – 2015/04 

April 2015 

 

Appendices 

 

 

 

Moja Inženjer Ltd. 

Myles Cape 

Amos Kim 

Omnirey Lacson 

 

 

 

 

 

Department of Civil Engineering 

School of Construction and the Environment 

British Columbia Institute of Technology 

Burnaby, BC, Canada, V5G 3H2 

  

  



 

 

 

 

 

Appendix A: Preliminary Hydrotechnical and 

Geotechnical Assessment 

 

 

 
 

 

  



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PRELIMINARY HYDROTECHNICAL AND 
GEOTECHNICAL ASSESSMENT 

 
 



    

  

 

 

 
 

EXECUTIVE SUMMARY 
 
 

This report describes the hydrotechnical and geotechnical conditions of the proposed pipeline 
crossing at Bridge X Creek. The Information presented is based on desktop information, site 
visits and geophysical survey data. The Bridge X Creek crossing is located northeast of 
Hazelton, BC, along the proposed pipeline.  

 

As part of the hydrotechnical assessment a flood frequency analysis was carried out to establish 
peak instantaneous flows at the Bridge X creek for different return periods including the 200-yr 
event. The bank erosion hazard was assessed by comparing historical aerial photographs, which 
enabled the identification of two hazard zones within the floodplain: the zone of active influence 
and the zone of river influence. The proposed location of the aerial crossing was assessed 
against flooding, scour and bank erosion. Recommendations are also provided for the aerial 
crossing freeboard considering local scour, ice jam scour and to accommodate the passing of 
large woody debris (LWD). 
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1.0     INTRODUCTION 
 

1.1.     Scope of Work 
 

The objectives of this report are to provide the following for the proposed Bridge X Creek aerial 
crossing: 

 

1.  An overview of the expected surface and subsurface conditions at the site. 
2.  An overview of potential geohazards relevant to the proposed infrastructure. 
3.  A seismic hazard assessment of the site. 
4.  Updated hydrotechnical hazard assessment for the crossing. 
5.  Preliminary recommendations for foundations based on inferred ground conditions. 
6.  Recommendations for further work.
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3.0     SITE SETTING 
 

3.1.     Site Morphology 
 

The proposed aerial crossing is located in a constrained floodplain of the Bridge X Creek, 
approximately 475 m downstream of an existing forestry bridge. In the area of the proposed 
aerial crossing, the extent of the zone of active influence is within approximately 
45 m of the valley bottom. The current bankfull width is about 15 m at the crossing location. 

 
3.2.     Surficial Geology 

 

Surficial materials expected at the proposed crossing location include fluvial, colluvial, glaciofluvial 
and glacial till deposits. 

 

The valley walls have moderately steep to steep gradients and are expected to be covered with 
a veneer of till sediments or colluvium, often with rock near their base. Given the site geology and 
topography at the crossing area, these slopes are prone to slumping, debris avalanches and rock 
falls. 

 

Thick, hummocky, irregular glaciofluvial deposits are present in several locations throughout the 
interior plateau, and abandoned glaciofluvial fans and terraces are present in several valleys 
along the pipeline route. Glaciofluvial material is typically composed of coarse sands and gravels, 
deposited during the immediate post-glacial and earlier interglacial periods. It is commonly located 
in terraces above present river levels. 

 

The floodplain of the creek is characterized by fluvial deposits comprising granular materials 
ranging in size from sands to boulders. Areas mapped as active floodplains have little vegetation 
and are regularly flooded.  Low terraces are not typically flooded, but may be subject to bank 
erosion, or channel avulsion. 

 
3.3.     Bedrock 

 

The geological map for Hazelton, BC (Evenchick et. al. 2008) indicates that the bedrock strata in 
the area of the proposed crossing likely comprise rocks from the Bulkley Canyon Formation. 
Typical lithologies associated with this geological unit include feldspathic sandstone, siltstone, 
mudstone, coal and minor volcaniclastic conglomerate. 

 

Depositional cycles are commonly noted on bedrock exposures of the Bulkley Canyon Formation 
by an upward reduction on the lithology grain size, ranging from coarse-grained sandstone to 
carbonaceous siltstone, mudstone or coal. 
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4.0     FIELD INVESTIGATION 
 

4.1.     Site Visit and Surface Mapping 
 
 

Five hand-dug test pits were excavated to depths of approximately 0.3 m for the purposes of 
characterizing the near-surface soils, and four bedrock outcrops were mapped. Locations of the 
hand-dug test pits and bedrock outcrops are presented in Drawing 01. 
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5.0     PRELIMINARY GEOTECHNICAL SITE CHARACTERIZATION 
 

5.1.     Surficial Geology 
 

Three hand-dug test pits (Hand-dug Test Pit 3 to Hand-dug Test Pit 5) excavated in the floodplain 
(Drawing 01) indicated that the upper 0.3 m of overburden comprised dark brown fluvial sand and 
gravel, with traces of clay. The gravel particles were noted to be sub-rounded and comprised 
sedimentary clasts. The surficial sands and gravels were generally moist and based on the effort 
required to dig the hand dug pits, the compactness condition was assessed to be compact. 

 

Till was encountered in two hand-dug test pits (Hand-dug Test Pit 1 and Hand-dug Test Pit 2) 
excavated in the south valley wall (Drawing 01) in the vicinity of the proposed crossing.  These 
pits were excavated to a depth of approximately 0.3 m. The near-surface till comprised moist to 
wet, dark-brown to dark-gray, gravelly silt, and was assessed to be of soft consistency. Gravel 
sized particles within the till were observed to be sub-rounded to rounded and comprised 
sedimentary clasts. 

 

Some colluvial material was exposed on a small slump (Slump 1) observed on a forestry road cut 
at the North bank of the valley (Drawing 01), and also on two other slumps (Slumps 2 and 3) 
identified further upstream of the crossing area (Drawing 01). These soils generally comprised 
light brown, dry, gravelly silt with trace sand. The gravel component was described as sub-angular 
to sub-rounded. 

 
5.2.     Bedrock 

 

Bedrock outcrops were not observed along, or near the creek. Small bedrock exposures were 
identified on the south wall of the valley and large bedrock outcrops were also observed 
approximately 400 m upstream of the crossing, on the north side of the valley. 

 

Data collected on four bedrock outcrops (Drawing 01) indicated that the rock typically comprised 
dark-brown, fine-grained, tabular siltstone (refer to photos in Appendix B). The rock mass was 
observed to be fractured, and two to three well developed sets of joints were consistently noted 
on the rock exposures. The spacing of discontinuities ranged from very closely to closely spaced. 
The discontinuities were generally noted to be of low persistence, although these observations 
were limited by the small size of the outcrops. The joints were generally rough, closed and with 
no apparent infilling. Based on a field estimate, the rock strength was classified as Medium Strong, 
with unconfined compressive strength (UCS) likely ranging from 25 to 50 MPa (ISRM, 1981). 
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5.4.     Geohazards 

 

This section has been prepared based on information collected through LiDAR topography, aerial 
photo interpretation as well as, helicopter and ground based reconnaissance. The assessment of 
terrestrial slope geohazards for the pipeline is ongoing and has been reported separately. A 
summary of slope geohazards relevant to the Bridge X Creek aerial crossing is included herein. 

 

On the south wall of the valley, approximately five shallow debris slides have been identified 
(Drawing 01). Two of these features are located within approximately 50 m of the proposed south 
foundation, and similar shallow slides may pose a hazard during construction. These shallow 
slides are interpreted to be linked to the construction of the existing road forestry service road. 
Other evidence of slope instability has been observed near the proposed alignment along the 
south Creek valley wall. This includes the presence of curved trees, uneven, wet ground, and 
open joints and displaced blocks in bedrock outcrops. 

 

The north valley wall is affected by an old, large, deep seated landslide, evident in air photos and 
LiDAR topography. A large slump block, forming part of the overall landslide, is shown in Drawing 
01. This feature has been interpreted from ground reconnaissance as being abandoned, and no 
longer active; however this interpretation is subject to additional planned study by drilling and 
installation of an inclinometer. The slump block is not currently expected to pose a credible hazard 
to the proposed bridge structure, but will require consideration for placement and construction of 
pipe supports beyond the north embankment. 

 

A number of relatively small, shallow debris slides have been noted on the north valley wall from 
air photo study.  The locations of these features are identified in Drawing 01. Shallow landslides 
in this area appear to occur with a typical return period of 5 to 10 years. These shallow failures 
are not expected to affect the proposed aerial crossing structure. 

 

Other geohazards observed in the area of the proposed Bridge X Creek, which do not pose a 
direct risk to the aerial crossing, include small slumps in the forestry road cuts and on steep 
sections of the river bank (Drawing 01). 

 

5.5.     Seismic Assessment 
 

Spectral accelerations for the proposed Bridge X Crossing site were obtained from the 
Earthquakes Canada (EC) website http:/www.earthquakescanada.nrcan.gc.ca. These values are 
available for Site Class C, which is defined as very dense soil or soft rock, with time-averaged 
shear wave velocities in the top 30 m (Vs30) ranging from 360 to 760 m/s (Earthquakes Canada, 
2010). 

 

Based on the results of the MASW survey undertaken at the proposed south location (Drawing 
03), a Vs30 of 985 m/s was estimated for the site. It is important to note that the 
penetration of the MASW survey was about 24 m, and therefore some extrapolation was needed 
to complete the shear wave velocity profile to a depth of 30 m. 
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The estimated Vs30 of 985 m/s suggests that the Aerial Crossing site should be classified as Site 
Class B. Therefore, the spectral accelerations presented in Table 5-1 have been corrected using 
the appropriate amplification factors according to Finn and Wightman (2003). 

 
Table 5-1.  Corrected Spectral Accelerations for Site Class B at Bridge X Crossing 

using amplifications factors according to Finn and Wightman (2003). 
 

 

Spectral 
Accelerations 

Return Period 
Earthquake 

2,475-yr 

Sa (0.2) 0.076 

Sa (0.5) 0.048 

Sa (1.0) 0.028 

Sa (2.0) 0.018 

PGA 0.040 

 
5.6.     Hydrotechnical Hazard Assessment 

 

This section summarizes the hydrotechnical hazard assessment conducted for the aerial pipeline 
crossing of Bridge X Creek. Surveyed channel geometry and site observations were used to 
assess the potential hydrotechnical hazards for the proposed aerial crossing, including: general 
scour, ice jam scour, bank erosion, avulsion and large woody debris (LWD).  The hazard 
assessment methodology is summarized here with considerations important to the aerial 
crossing.  Hydrotechnical processes that have the potential to compromise an aerial crossing 
bridge span were evaluated based on judgment, qualitative assessment, and analysis of historic 
air photographs. 
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Figure 5-1.  Upstream view of Bridge X Creek at the proposed aerial crossing.  
 

5.6.1.  Hydrotechnical Hazard Analysis 
 

Flood Frequency Analysis 
 

Flood quantiles at the Bridge X Creek site were estimated using a Flood Frequency Analysis 
(FFA). An FFA can either be conducted regionally using several hydrometric stations, or for a 
specific station where the peak flow estimates are then pro-rated by drainage area to the 
location of interest. The latter approach is generally only employed for locations on the same 
river system. 

 

Flood quantiles were estimated using a regional analysis with available peak flow data from four 
Water Survey of Canada (WSC) hydrometric stations located near the Bridge X Creek site.  
The drainage area of this site was estimated to be 152 km2. 

 

Table 5-3.  Peak Instantaneous Flow Estimates (QIMAX) at the Bridge X Creek 
 

 
Aerial 
Crossing 

 
Basin Area 

(km2) 

QIMAX for Given Return Periods (m3/s) 

2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr 

Bridge X Creek 

 

 

 
152 

 
16 

 
23 

 
28 

 
36 

 
43 

 

 
50 

 
59 
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General Scour 
 

A scour analysis was completed for the Bridge X Creek site to evaluate general scour 
conditions for the proposed pipeline crossing. General scour refers to channel adjustments 
during a single flood event based on sediment inflow, bed material gradation and the sediment 
transport potential in a stream reach. 

 

The scour analysis was conducted using peak flows presented in Table 5-3 above, a channel 
gradient of 1.5%, and a channel cross-section provided by a ground survey. Various empirical 
hydraulic equations have been developed to estimate scour depth during a peak flow event.  
Each method was designed based on a specific range of boundary conditions and care must 
be taken to select appropriate methods to apply to a given study site.  The selection and 
effective use of these equations requires considerable engineering judgment, resulting in semi-
quantitative results. 

 

For the hydraulic analysis, available topographic data included a LiDAR survey and the 
aforementioned ground survey, complete with bathymetric data. Flow hydraulics were estimated 
using Manning’s equation and a channel cross- section cut from the survey; the 200-year peak 
instantaneous flow was determined to correspond to a water elevation of 519.2 m above sea 
level (Drawing 06). The D50 of the channel substrate is approximately 105 mm based on a 

Wolman sample. 
 

For the 200-year flood, a scour depth of 0.8 m below the channel thalweg (El. 517.7 masl) is 
estimated, which results in a scour elevation of approximately 516.9 masl.  This scour depth is 
based on the Blench regime equation, which is considered to be suitably conservative for this 
crossing location. However, this estimate is for general scour only in the case of an open trench 
or HDD pipeline crossing.  Local scour, which can occur, is considered in a section below. 

 

Bank Erosion 
 

To assess the historical lateral extents of the Bridge X Creek at the proposed aerial crossing, an 
evaluation of channel migration was undertaken by comparing historical aerial photographs.  
The aerial photographs were georeferenced to make the comparison, and the historic channel 
planform (the outline of the 1949 active channel) was digitized and then overlain on the 2013 
orthophoto. Drawing 04 demonstrates a quantitative assessment of the lateral extents of the 
watercourse over the past 65 years (1949 - 2013). 

 

 
The proposed crossing occurs through the constrained floodplain of Bridge X Creek, approximately 
475 m downstream of an existing forestry service road bridge. The current bankfull width is 15 m 
at this location, reduced from approximately 25 m in 1949. Furthermore, Drawing 04 illustrates 
that the channel reaches within 100 m upstream and downstream of the proposed crossing have 
become increasingly stable as well: the active channel has narrowed by as much as 60 m and 
the river banks have become increasingly vegetated. 

 

The wider channel in 1949 is likely related to a period of increased landslide activity on the valley 
sidelopes upstream of the crossing.  Drawing 01 shows the paths of a number of historic debris 
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slides, a majority of which have revegetated. However, there are a number of active debris slides 
located adjacent to Bridge X Creek upstream of the confluence with Creek B.  A more unstable, 
wider channel is a typical response to an above average influx of sediment to a watercourse.  It 
is therefore not unreasonable to hypothesis that the wider channel in 1949 is a result of a period 
of increased landslide activity and although these slides have since stabilized for the most part, 
another period of increased landslide activity could occur in the future during the life of the 
pipeline crossing. 

 

5.6.2.  Design Considerations 
 
 

Location of Abutments 
 

Drawing 05 shows the approximate extent of the Bridge X Creek floodplain, which is 
approximately 175 m wide at the proposed crossing.  The floodplain is confined by moderate to 
steep gradient slopes on either side of the pipeline crossing. Two hazard zones have been 
identified on Drawing 05 that are potentially subject to flooding, scour, and bank erosion: the zone 
of river influence and the zone of active influence. 

 

The zone of active influence represents the potential distance over which the active channel is 
likely to migrate based on air photo and topographic contour interpretation, as well as a site 
observations. The zone of river influence is essentially the width of the floodplain and it is 
assumed that the river could occupy any position of the floodplain in the future given sufficient 
time and suitable hydrologic and sediment supply conditions. The zone of river influence should 
be considered as a continuum hazard zone, such that as one moves away from the existing banks 
of the main river channel, the likelihood of the river occupying that position of the floodplain and 
impacting the pipe decreases until the edges of the zone are reached. The further the abutments 
of the aerial crossing are positioned away from the active channel, the lower the likelihood that 
lateral migration of the river would impact on the pipeline.  The lowest likelihood would be 
associated with the abutments located on the outer margins of the zone of river influence. 

 

However, hazard mitigation through avoidance is not always practical.  Some rivers can have 
broad floodplains that are characterized by very low bank erosion rates.  In such cases, it is not 
necessary that the aerial crossing span the entire floodplain. Therefore, within the broad zone of 
river influence, a zone of active influence has been subjectively delineated on Drawing 
05.  This zone represents an area that is considered most likely to be occupied by the active 
channel in the pipeline design life (assumed to be about 50 years).  This zone is based on the 
historic assessment of lateral instability, and should not be considered as a distinct line: that is, 
having the outer abutments lie within or out of the active zone does not represent safe and 
unsafe conditions, respectively.   
 
Given the greater uncertainty regarding the future position of the channel on the south side, it is 
recommended that the south (left) bank be protected with riprap. Class 100 riprap (100 kg, D50 ~ 
450 mm) with a thickness of 0.7 m and an appropriate filter should be used at a minimum slope 
of 2H:1V.  The riprap should extend to the upstream boundary of the right-of-way and about 
10m downstream of the south abutment.  For the upstream configuration, the riprap should 
curve inland at a moderate angle to minimize the potential for upstream erosion to undermine the 
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riprap. Excavation of the floodplain soils would be required for some of the riprap placement and 
the armour layer would then be buried using the excavated soils. 

 

Aerial Crossing Freeboard 
 

At aerial crossings, a minimum clearance height (i.e. freeboard) is required above the 200-year 
flood (Q200) elevation to account for passing of large woody debris (LWD) and to minimize the 
potential for any floating debris to come into contact with the pipeline. This freeboard also 
accounts for potential long-term channel aggradation and uncertainty in peak flow estimates. 

 

LWD is defined as wood > 0.1 m diameter and > 1 m length which has been deposited on river 
banks or within the channel itself (Featherstone, Naiman, & Bilby, 1995).  The potential for LWD 
to collect and become entrained is often evaluated for aerial span and bridge crossings. 
Assessments are typically conducted using a weighting system based on channel characteristics 
that favour LWD accumulation, including: channel form, channel roughness (i.e.: bed material, 
presence of boulders, and pools/riffles), bankfull width and channel slope.  These assessments 
rely heavily upon field notes, photographs and other information collected from the crossing site. 

 

Based on the site visit, 2 m of freeboard is recommended between the 200-year flood elevation 
and the soffit (Drawing 06). 
 
Local Scour 

 

Local scour refers to erosion of the streambed that is immediately adjacent to and caused by 
some obstruction to flow, such as a bridge pier or LWD. For the proposed aerial crossing, any of 
the foundations will potentially be located within the active channel within the lifespan of the 
pipeline. Local scour will therefore be evaluated under the pretense that the active channel could 
migrate laterally within the design life of the pipeline, exposing any of the foundations to high return 
period floods. Scour depth was assessed using the CSU Equation for Scour (Richardson et al., 
1993).  The estimated scour depth of 1.0 m is additive to the general scour estimate of 0.8 m, 
yielding a net scour depth of 1.8 m below which the foundations should be founded: 2.0 m 

(Elevation = 515.7 masl) is recommended for design. 

Ice Jam Scour 

Ice jam scour can occur during ice build-up reaching depths equal to ice thickness below the 
water surface at the upstream end of a jam (Mercer & Cooper, 1977).  The influence of an ice 
cover on a channel involves complex interactions between the ice cover, ice roughness, fluid flow, 
sediment, bed geometry, water depth, and channel geometry, which can have a dramatic effect 
on sediment transport process and channel development, especially in narrow rivers (Hains and 
Zabilansky, 2005). 
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The potential stability of ice jam formation is determined in most cases by the width of the river 
channel and the river flow velocity.  A river with high gradient and high flow velocity will not tend 
to allow the formation of stable ice jams.  Similarly, wide rivers are less likely to form stable ice 
jams. Rivers prone to ice jam formation would generally have lower flow velocity and a narrowed 
section where ice could be accumulated (Mercer and Cooper, 1977).  Rivers with fine-grained 
substrates (sand or finer) are also more susceptible to potential ice scour (Yaremko and Cooper, 
1983). 
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A desktop study, including review of site photographs from the nearby Forestry Service road 
bridge, has concluded that the Bridge X Creek crossing site carries minimal risk of ice jam scour. 
While there is evidence of some ice cover formation on the north bank of Bridge X Creek, the 
watercourse was observed to be free flowing during winter low flow periods. See Figure 5-3 and 
Figure 5-4 for further detail. 

 

 
 

Figure 5-3.  Bridge X Creek as observed from the Forestry Service Road Bridge, facing 
downstream. 

 
 

 
 

Figure 5-4.  Bridge X Creek as observed from the Forestry Service Road Bridge, facing upstream. 
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6.0     FOUNDATION DESIGN 
 

Given the interpreted depth to bedrock at the crossing site and the need to protect the bridge 
foundations from the creek scour, pile foundations are recommended for supporting the bridge. 

 

It is recommended that the contractor have the ability to clean out the piles and/or remove 
obstructions, such as cobbles and boulders, by drilling, if needed. This may be accomplished 
using a down-hole hammer or dual-rotary drill or other suitable method. Concrete plugs may be 
installed once the piles have been cleaned out in order to improve the end bearing resistance and 
overall geotechnical pile capacity. This would result in shorter pile lengths being required to resist 
compressive loads. However, if uplift resistance or lateral capacity is shown to govern the required 
length of pile, the addition of a concrete plug at the base of the pile may be of limited benefit. 

 

The preliminary pile design has been carried out so that the maximum Ultimate Limited State 
(ULS) axial load expected on the pile does not exceed the geotechnical axial resistance of the 
pile. 

 

With respect to lateral resistance, the piles were sized so that the maximum lateral deflection at 
the top of the pile did not exceed 25 mm under the expected Service Limit State (SLS) loads. 

 

Based on experience with similar geophysical surveys undertaken in other areas of the pipeline 
route with comparable geology, it is believed that the bedrock surface may be considerably 
deeper along the creek than the interpretation of the geophysical surveys. 

 

In order to account for the uncertainty in bedrock elevation, two independent scenarios were 
analyzed and the piles were sized so as to satisfy the design criteria in either case. Given the 
overall consistency with respect to the subsurface conditions at each foundation location as 
suggested by the geophysical surveys, the two cases described below were assessed to be 
representative of each pile, regardless of the location. The maximum axial and lateral loads 
applied in the analyses represent estimated loading conditions on a single pile within the 
foundations. 

 

  Case A: Competent bedrock was assumed to be at a depth of approximately 8.4 m below 
the existing ground surface (El. 512.8 masl). The piles would be driven through 
overburden soil (sands and gravels) and socketed into competent bedrock. 

 

  Case B: Bedrock was assumed to be a depth such that the piles would be embedded in 
the overburden only. The overburden was assumed to comprise compact sand and gravel. 

The analyses presented in the following sections are based on 914 mm x 12.7 mm (diameter x 
thickness) piles. 



    

 Page 14

 

 

 

 

 
6.1.     Geotechnical Axial Resistance 

 
6.1.1.  General Design Methodology 

 

The unfactored axial pile resistance in compression is a combination of the pile shaft resistance 
(Rs) and the pile toe resistance (Rt). The unfactored axial pile resistance in tension is equivalent 
to the exterior pile shaft resistance only. 

 

Various empirical methods are available to estimate these resistances based on the soil 
parameters and pile geometry. The recommendation is to use the Beta (effective stress) method 
for estimation of the unfactored axial pile resistance, Ruc and Rut. 

 

Ruc = unfactored axial pile resistance, in compression = Rs + Rt 
 

Rut = unfactored axial pile resistance, in tension = Rs 
 

Rs = shaft resistance = As x qs 
 

Rt = toe resistance = At x qt 

 
ϕcRuc ≥ factored axial resistance in compression (refer to Table 6-2 for geotechnical resistance 
factor, ϕc) 

 

ϕtRut ≥ factored axial resistance in tension/uplift (refer to Table 6-2 for geotechnical resistance 
factor, ϕt) 

 

where As = pile shaft/soil surface area (based on pile perimeter and pile length), 

qs = β x σ’ = unit shaft friction, 

 

At = pile toe cross-sectional area, 

qt = Nt x σ’t = unit toe resistance, 

β = shaft resistance coefficient, 

Nt = toe bearing capacity factor, 

σ’ = vertical effective soil stress along pile shaft, 
 

σ’t = vertical effective soil stress at the pile toe. 
 

The simplified equations above are representative of the case where the pipe piles were cleaned 
out to the pile toe following installation, or if the frictional resistance of the soil inside the pile shaft 
is ignored. Pile plugging was not considered in the present analyses 
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In order to ensure that interaction effects do not limit the axial capacity of the piles, a minimum 
spacing of 2.5 diameters is recommended (CSA, 2006). 

 

Nt and β values were selected based on recommendations provided in Tables 18.1 and 18.2 of 
the Canadian Foundation Engineering Manual (CGS, 2006). 

 

The soil located above the 200-year scour elevation (515.7 masl) as well as the contribution to 
the effective stress at depth caused by this material was ignored in the preliminary design. 

 

The recommended geotechnical resistance factors for both compression and tension are 
presented in Table 6-2. Values are in accordance with the Canadian Foundation Engineering 
Manual (CGS, 2006).   A resistance factor of ϕc=0.4 was used for factoring the compressive 
resistance of the pile. 

 
Table 6-2. Recommended Geotechnical Resistance Factor (ϕ) for Pile Design (CGS, 2006) 

 

Compression – static analysis ϕc=0.4 

Compression – dynamic analysis (with field measurement and analysis, e.g. PDA 
tests) 

ϕc=0.5 

Tension – static analysis ϕt=0.3 

Tension – using results of dynamic analysis ϕt=0.4 
 

6.1.2.  Preliminary Pile Design for Axial Compression 
 

Case A 
 

For piles socketed into bedrock, it may be assumed that the geotechnical axial resistance will be 
limited by the buckling capacity of the pile. 

 

Case B 
 

For this case, the overburden was assigned a beta coefficient (ß) of 0.6, and Nt factor of 50. The 
results suggest that a 914 mm x 12.7 mm driven pipe pile would require a minimum embedment 
length of 15 m below the 200-yr scour elevation (515.7 masl) to develop adequate factored 
geotechnical axial resistance against the expected ULS compressive load. 



    

 Page 16

 

 

 

 
6.2.     Lateral Pile Capacity 

 
6.2.1.  General Design Methodology 

 

The lateral resistance of piles is a function of the connection details at the pile head, the structural 
rigidity of the pile section, the installed length of the pile, and the soil resistance along the pile 
shaft. For preliminary design purposes, a lateral load analysis using assumed, non-liner p-y 
curves for each stratigraphic layer was conducted using the computer software LPILE, (by Ensoft, 
Inc.). The input parameters used for these analyses are presented in Table 6-3 for Case A and 
Case B, respectively. These values were selected based on recommendations provided by Reese 
and Wang (1989) with pipe piles driven in ground conditions similar to those expected here. The 
geotechnical properties for the weak bedrock strata have been conservatively selected following 
the guidance by Reese (1997) and are consistent with bedrock observations carried out in the 
field. 

 

The preliminary lateral pile analyses conducted in this study considered single piles only and did 
not account for interaction effects resulting from closely spaced piles. No reduction factors are 
required for loading in the longitudinal direction.  

 
Table 6-3.  Geotechnical parameters adopted for preliminary pile design 

 

Material Geotechnical Parameter Value 

Sand (Reese) Effective Unit Weight, γ’ (kN/m3) 9 

Friction Angle, o (Deg) 33 

Initial Soil Modulus, ks (MPa) 16.3 

Weak Rock (Reese) Effective Unit Weight, γ’ (kN/m3) 14 

Uniaxial  Compressive  Strength  qur 

(MPa) 
6.5 

Initial Rock Modulus, kir (MPa) 200 – 800 

Rock Quality Designation – RQD (%) 0 

Strain factor - krm 0.00005 

 
6.2.2.  Preliminary Pile Design for Lateral Resistance 

 

Case A 
 

The ground surface elevation is assumed to correspond to the 200 yr scour elevation. 
 

The results from the LPILE analysis indicate that a 914 mm x 12.7 mm driven pipe pile, 
socketed a minimum of 4.2 m into bedrock, would experience a maximum deflection at the pile 
head on the order of 15 mm under the assumed conditions.  



    

 Page 17

 

 

 

 

Case B 
 

The analysis suggests that an embedment depth of 18 m below the 200 yr scour elevation 
would be required to resist the expected lateral loads under these assumed conditions. In that 
case, the 914 mm diameter x 12.7 mm driven pile would be expected to deflect approximately 21 
mm at the pile head. 

 
 

6.3.     Pile Uplift Due to Frost Action 
 

6.3.1.     General Design Methodology 
 

Based on the air freezing indices, a preliminary frost penetration depth of 2 m was calculated 
using the modified Berggren method (Aldrych and Paynter 1966) for the Bridge X aerial crossing 
site. In the absence of site specific geotechnical investigations, conservative values were selected 
for the ground thermal properties and ground surface conditions during winter. 

 

A design adfreeze bond of 120 kPa was assumed following the recommendations from the 
Canadian Engineering Foundation Manual (CGS, 2006), where  typical adfreeze bond stresses 
range for fine grained soils is proposed from 65 kPa to 100 kPa and for saturated gravel frozen 
to steel piles can be estimated at 150 kPa. 

 

Based on the design bond stress, the pile surface area, the estimated frost-depth penetration of 
2 m, and assuming a load factor of 1.3, a factored jack uplift force of 896 kN per pile was estimated 
for preliminary design purposes. 

 
6.3.2.  Preliminary pile uplift resistance 

 

Case A. 
 

The side-wall shear resistance was estimated based on a correlation with the rock unconfined 
compressive strength (UCS) from Wylllie (1999). For the calculation of the factored uplift 
resistance of the pile, a resistance factor of 0.5 was assumed. The basis for adopting a higher 
resistance factor (ϕt) to the one shown in Table 6-2, is that the jacking force from adfreeze is 
transient. 

 

Based on a conservative UCS value, and on a proposed socketed length of 4.2 m into competent 
bedrock (refer to Table 6-5), the factored uplift resistance is estimated to be 2,900 kN, which 
exceeds the estimated factored adfreeze uplift load of 896 kN. 

 
 

Case B. 
 

The Canadian Engineering Foundation Manual (CGS, 2006) indicates that for cohensionless 
soils, such as sand and gravel, the ultimate uplift shaft resistance is about 75% of its value in 
compression. For the calculation of the factored uplift resistance of the pile, a resistance factor of 
0.5 was assumed as discussed on Case A. 
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Following the design basis above, the proposed minimum embedment length of the pile below 
the 200-yr scour elevation (refer to Table 6-5), will provide an estimated factored uplift resistance 
of 1,250 kN, which exceeds the estimated factored adfreeze uplift load of 896 kN. 

 
6.4.     Pile Design Summary and General Recommendations 

 

 
A summary of the overall findings of the preliminary design effort including the size, minimum 
embedment depth and factored axial resistance of the piles is presented in Table 6-5. 

 

Table 6-5.  Pile recommendations for the Bridge X Creek Aerial crossing 
 

Pile details Case A Case B 

Pile Diameter (mm) x Thickness (mm) 914 x 12.7 

Minimum total pile length to satisfy estimated 
axial and lateral loading (m) 

13.1 24.0 

Unbraced length – Pile length above 200-yr 
scour elevation (m) 

6.0 

Minimum pile embedment below the 200-yr scour 
elevation to satisfy both axial and lateral loading 
requirements (m) 

7.1 18.0 

Minimum pile length socketed into bedrock (m) 4.2 Not applicable 
 

Factored Geotechnical Axial Resistance in 
compression (kN) 

Assumed to be equal 
to structural buckling 
capacity of the pile 

1,300 

 

A drive shoe is recommended to protect the pile toe and enhance pile driving penetration through 
the coarse fluvial soils. Specifically, the use of an inside shoe will minimize disturbance of the soil 
around the outside of the pile and allow maximum exterior shaft resistance.  If an outside drive 
shoe is used, additional pile length may be required as a result of lower shaft resistance. 

 

The Canadian Engineering Foundation Manual (CGS, 2006) suggests a value of 6,000 kJ times 
the cross-sectional area of the pile as the maximum hammer energy for driven steel pipe piles. 
For a 914 mm diameter pipe pile with a wall thickness of 12.7 mm, a maximum hammer energy 
of 216 kJ is recommended. 

 

It is recommended that full-time inspection by an experienced geotechnical engineer be provided 
during pile installation. Comparison of pile tip elevations with the test hole records (once they 
become available) should be carried out on an ongoing basis while pile driving in addition to 
recording blow counts with penetration depth. Piles should be driven to the minimum tip elevation 
necessary to resist lateral design loads as well as compressive and tensile axial loads. 

 

The contractor may wish to consider pre-boring to achieve adequate pile penetration if shallow 
refusal on cobbles/boulders become problematic, or if pile driving activities are conducted in 
winter conditions. In these cases, pre-boring should be limited to a diameter of 25 mm less than 
the proposed pile diameter to allow for good friction contact between the pile shaft and subsoil. 
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Due to the current uncertainty of the soil conditions at the proposed pile locations, Pile Dynamic 
Analysis (PDA) testing is recommended to confirm the axial design capacity of the piles. PDA 
testing should be conducted both during initial pile driving and restrike after a suitable waiting 
period has passed to allow pore pressures related to pile driving to dissipate. 

 

It is recommended that all piles be analyzed with PDA, with re-strikes performed a minimum of 
24 hours after initial driving. If relaxation occurs, the pile should be re-driven to the final driving 
criteria and the cycle repeated until the final driving criteria can be achieved during the pile re- 
strike. If PDA testing confirms that the pile has met the axial design capacity during re-strike, the 
pile may be considered to be acceptable. If PDA testing indicates that the axial design capacity 
has not been achieved and driving to further depth is not practical, the driving of additional pile(s) 
may be required. PDA tests must be carried out by an experienced geotechnical engineer. 

 

The PDA measures the dynamic response of the pile-soil system during driving and uses these 
measurements to calculate an estimate of ultimate static pile-soil resistance. Following PDA field 
measurements the shaft and toe resistance should be further assessed by conducting CAPWAP 
analyses. CAPWAP is performed to determine the load-displacement relationship, and the 
distribution of the geotechnical resistance. CAPWAP allows analysis of soil/pile interactions and 
is a more refined calculation than the estimated capacities that are calculated directly during the 
field testing PDA procedure 
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PRELIMINARY MEMBER SELECTIONS

The values for compressive resistances, Cr, are interpolated from the CISC Handbook of Steel
Construction Tenth Edition (2011). Using G40.21 350W Class H. See pages 4-74 to 4-81.

 For HSS chord members 

Effective length factor

K_c 0.9

Distance between chord panel points

L_c 5.00 m 

 For HSS web members

Effective length factor

K_w 0.7

Distance between web panel points

L_w 4.33 m 

 Central top chord

Central top chord is the governing member and is in compression.

Load in member 8a-10a is -744 kN.

F_8a10a 744 kN 

K_c L_c 4.5 m 

Try HSS 203x152x6.4

A_c1 4250 mm2 

Cr_c1 1030 kN (From CISC Handbook)

Cr_c1 F_8a10a

Although a smaller size can be chosen, it will be later shown that HSS 178x178x6.4 was
chosen for deflection limits.
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Checking section classification limits

b_el_c1
152

2
76 mm 

t_c1 6.4 mm 

b_el_c1

t_c1
11.9

Fy 350 MPa 

420

Fy
22.4

420

Fy

b_el_c1

t_c1
 therefore, 178x178x6.4 is a Class 1 section.

Utilization is
744

1030
0.72

 Central bottom chord

Central bottom chord is the governing member and is in tension.

Load in member 7a-9a is 710 kN

F_7a9a 710 kN 

ϕ 0.9

Amin = Tf/ϕFy

Amin_c2
F_7a9a 1000

ϕ Fy
2254 mm2 

Try HSS 203x152x6.4 (Same as top chord)

Using uniform sizes for chord members for practical reasons (e.g. constructability,
purchasing, etc.)

A_c2 4250 mm2 

A_c2 Amin_c2

Tf_c2
ϕ A_c2 Fy

1000
1339 kN 

Utilization is 
710

1213
0.59
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 Compression diagonal at the end of truss

Compression diagonal at the end of truss is the governing member and is in compression.

Load in member 1a-2a is 325 kN

F_1a2a 325 kN 

K_w L_w 3.0

Try HSS 114x114x4.8 

A_w1 2040 mm2 

Cr_w1 490 kN (From CISC Handbook)

Cr_w1 F_1a2a

Checking section classification limits

b_el_w1
114

2
57 mm 

t_w1 4.8 mm 

b_el_w1

t_w1
11.9

420

Fy

b_el_w1

t_w1
 therefore, 114x114x4.8 is a Class 1 section.

Utilization is
325

490
0.66

 Tension diagonal at the end of truss

Tension diagonal at the end of the truss is the governing member and is in tension.

Load in member 2a-3a is 325 kN

F_2a3a 325 kN 

Amin_w2
F_2a3a 1000

ϕ Fy
1032 mm2 

A_w1 2040 mm2 

A_w1 Amin_w2

Tf_w2
ϕ A_w1 Fy

1000
643 kN 

Utilization is 
325

583
0.56

 Design summary with trial members

Chord members: HSS 203x152x6.4 

Web members: HSS 114x114x4.8 
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RESISTANCE OF GAP K CONNECTIONS

Looking at Panel Point 3 and 4 (Looking at critical panel points)

Checking the validity limits for a gap connection with sqaure chords and webs from CISC Hollow
Structural Section: Connections and Trusses (CISC HSS). 

Confirm that a gap connection is feasible. Looking at Maximum β (average width of web
members relative to the chord width) based on allowable eccentricity limits, chord aspect ratio
and inclination of web members. See CISC HSS Figure 3.11. 

Chord member height, h0

Chord member width, b0

h_0 203 mm 

b_0 152 mm 

h_0

b_0
1.336

θ_1 60 degrees

θ_2 60 degrees

β 1.0 (From Figure 3.11)

Maximum allowable β is 1.0.

Web member height, h1

Web member width, b1

h_1 114 mm 

b_1 114 mm 

β_actual
2 b_1( )

2 b_0( )
0.75

Therefore, OK.  use β = 0.75 β 0.75
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For gap connections to be valid, the average width of the two web members (both web
members for all panel points have the same width) must be at at least 0.35 times the chord
width.

β 0.35 therefore, OK.

Width of the web members must be at least a hundredth of the chord width-to-thickness ratio,
plus 0.1.

b_1

b_0
0.75

t_0 6.4 mm 

t_1 4.8 mm 

0.01
b_0

t_0
 0.1 0.338

0.75 0.378 therefore, OK.

Both chord and web members confirmed as Class 1 sections.

Maximum width to thickness ratio of tension web members is 35.

b_1

t_1
24 24 35 therefore, OK.

Width to thickness ratio of the chord must be between 15 and 35.

b_0

t_0
24 therefore, OK.

Width of the smaller web member must be at least 0.63 times the width of the web member.
As both web members are the same size, OK. 

With the above checks, the use of gap connections are valid.



Project: Capstone Design Project
Subject: Superstructure Detailed 

Design

Done by:  Amos K
Checked by: Omnirey L

Date: March 2015

 Connection resistance of tension diagonal 2-3 

Looking at Panel Point 3 (Looking at critical panel points).

Refer to Fig. 3.23 Web member effiency for square HSS K and N gap connections from CISC
HSS.

b_0

t_0
24

C_KGap1 0.34

Web members connecting to a tension chord, f_n1 1

The connection resistance is given by

N_1 C_KGap1
t_0

t_1


1

sin θ_1
π

180






 f_n1 A_w1
Fy

1000
 374 kN 

Tension force in diagonal 2-3 is 330 kN.

374 325 therefore, OK.

 Connection resistace of compression diagonal 3-4

The connection resistance is the same as tension diagonal 2-3

N_2 N_1 374 kN 

Compression force in diagonal 3-4 is 232 kN.

374 232 therefore, OK.

Panel Point 3 resistance of gap K connections are OK.
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 Connection resistance of tension diagonal 4-5

P_f 43 kN 

P_p 37 kN 

M_f1
3

32
P_f L_c

3

32
P_f P_p( ) L_c 57.7 kNm 

F_4a6a 558 kN 

S_c1 225 10
3

 225 10
3



n
F_4a6a

A_c1
Fy

1000


0.375

f_n2 1.3
0.4

β
n 1.1 f_n2 1

N_3 C_KGap1
t_0

t_1


1

sin θ_1
π

180






 f_n2 A_w1
Fy

1000
 374 kN 

Tension force in diagonal 4-5 is 232 kN.

374 232 therefore, OK.

Panel Point 4 resistance of gap connections are OK.

 Gap dimensions

0.5 1 β( ) 0.125

g is the gap dimension.

g

b_0
0.125 and g 2 t_1

g 20

A gap of 20mm satisfies both of these requirements.
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BOLTED FLANGE-PLATE SPLICE CONNECTION

Designing splices in bottom chord member 7a-9a and top chord member 8a-10a. 

F_7a9a 710

F_8a10a 744

 Splice connection for bottom chord 7-9

Try 6 bolts.

Applied load per bolt, P_fb
710

6
118 kN 

Assume M22 bolts, 24mm hole diameter. T_rb 189 kN From CISC (Handbook)

d 22 mm 

d_prime 24 mm 

Bolt pitch should generally be about 4 to 5 bolt diameters.

Initial pitch, p 100 mm 

Initial distance from blot line to edge of face,b 45 mm 

δ 1
d_prime

p
 0.76

b_prime b
d

2
 t_0 40.4 mm 

Parameter, K
4 b_prime 1000

0.9 p Fy
5.13

Plate thickness

t_min
K P_fb

1 δ 1( )






0.5

18.6 mm 

t_max
K P_fb

1 δ 0( )






0.5

24.6 mm 

Try 3/4 inch plate (19 mm) tp1 19 mm 

Maximum effective a is a 1.25 b 56.25 mm 

Ratio of the sagging plate moment to the hogging plate moment. 

α
K T_rb

tp1
2

1







a
d

2








δ a b t_0( )











 1.39

α is greater than 1. This would cause major flexure in the plate and prying forces. Try a thicker
plate closer to the maximum thickness.
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Try 7/8 inch plate (22.2 mm) tp2 22.2 mm

α
K T_rb

tp2
2

1







a
d

2








δ a b t_0( )











 0.795

Since α is between 0 and 1, choose α = 0.795 and 3/4" plate thickness. 

Connection capacity
N_c1

tp2
2

K









1 δ α( ) 6 925 kN 

925 710 therefore, OK.

Actual bolt load (including prying)

a_prime a
d

2
 67.25 mm 

α_p K
P_fb

tp2
2

 1







1

δ
 0.305

T_fb P_fb 1
b_prime

a_prime

δ α_p

1 δ α_p












 132 kN

Prying tenstion is T_fb P_fb 13.4 kN per bolt
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DESIGN OF WELDED JOINTS

 Effective weld lengths

For K and N gap connections and θ greater or equal to 60 degress, effective length = a+b+c =
2h/sinθ+b. 

l_weld 2
h_1

sin θ_1
π

180






 b_1 377 mm 

Weld length can also be calculated by

Ka

h_1

sin θ_1
π

180






b_1









h_1 b_1( )













1.077

l_weld2 Ka 4 π t_1 2 b_1 4 t_1( ) 2 h_1 4 t_1( )[ ] 474 mm 

Values from this method are conservative for small wall thicknesses  as this equation uses
perimeters for the thickest wall HSS for each size. Therefore, use length of weld of 377 mm.

 Default method of sizing welds

Looking at Table 3-46, the 90 degree fillet size to develop wall strength for a wall thickness of
4.8 mm is 8 mm. 

Tr_w 0.9 A_w1
Fy

1000
 643 kN 

ϕ_w 0.67

Fu 450 MPa 

Vr_w 0.67 ϕ_w 8
Fu

1000
 l_weld 610 kN 
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