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ABSTRACT: The Highway 53 relocation project in Virginia, Minnesota, includes a tall bridge across a currently 
inactive iron ore mine pit.  The 1,132-ft long bridge is a three-span, plate girder structure.  Two intermediate piers 
are approximately 165.5 ft and 182.5 ft tall.  Horizontal demands acting on the piers in the longitudinal direction of 
the bridge are significantly reduced and buckling capacity of the piers significantly increased by resisting 
longitudinal load through an anchored abutment and bracing the top of the piers through the superstructure.  The 
reinforced concrete East Abutment is constructed against strong chert, iron ore bedrock.  Eight 218-kip tieback 
anchors are included in the abutment.  The combination of tieback anchor tension and passive resistance against 
the bedrock behind the abutment allow it to serve as an anchor point against longitudinal bridge loads.  The 
bridge girders are attached to the East Abutment with fixed disc bearings, which allow rotation but not translation.  
Because the piers are tall, a small lateral force applied to the head results in a large overturning moment at the 
base and ultimately the foundation.  By anchoring the East Abutment, significant cost savings were realized in the 
substructure and foundations.  The combination of a tall bridge and rock bearing abutment made this structure 
particularly well suited for including an anchored abutment in the design.  This paper will present the key design 
considerations from both a geotechnical and structural engineering standpoint. 
 
 

INTRODUCTION AND BACKGROUND 
 
 The Minnesota Department of Transportation 
(MnDOT) is relocating Trunk Highway 53 (TH-53) 
near Virginia, Minnesota, to allow for iron ore mining 
where a portion of TH-53 is currently aligned.  
Because of extensive open pit mining in the area, it 
is necessary for the new alignment to cross a very 
deep, currently inactive mine pit, the Rouchleau Pit.  

The bridge crosses the Rouchleau Pit at a location 
where the pit is long and narrow, resembling a rock 
canyon.  At this location, the pit is approximately 
1,000 ft wide and 300 ft deep.  The pit is flooded 
with water to a depth of approximately 120 ft at the 
crossing and serves as the communities drinking 
water supply. The bridge is a 1,132-ft long three-
span plate girder structure with eight lines of girders 
and two intermediate piers. 
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 The western side of the pit has an embankment 
of mine waste fill (MWF) originally placed as a haul 
road for mining operations.  The MWF embankment 
is approximately 130 ft thick.  The MWF consists of a 
wide range of particle sizes from fine-grained soil to  
boulders.    
 Pier 1, on the eastern side of the pit sits on a 
notch carved into the highwall with no overburden.  
Pier 2, on the western side of the pit sits on the 
existing MWF embankment.  Piers 1 and 2 are both 
supported on groups of 30-in. diameter micropiles 
bearing in bedrock, as shown in Figure 1. 
 The micropiles at each pier are connected with 
an at grade footing.  The piled footings each support 
an 11-ft wide by 64-ft long plinth, 30 and 25 ft tall at 
Piers 1 and 2, respectively.  There are two 9-ft 
square columns extending up to each pier cap 
beam, with a transverse strut midway between the 
plinth and cap beam connecting the two columns.  
The haunched cap beams are 92 ft long, 8 ft wide, 
and vary from 9 to 14 ft deep.  The entire 
substructure is cast-in-place reinforced concrete.  
The connections between the superstructure and 
piers are disc bearings.  The bearings supporting the 
six center girders at each pier are fixed disc 
bearings, and the outer two bearings are non-guided 
expansion disc bearings. 
 The superstructure is a haunched steel plate 
girder structure with eight girder lines.  Girder web 
depth varies from 7.75 ft to 14.5 ft.  The deck is 92 ft 
wide out-to-out, carrying four 12-ft lanes, two outer 
8-ft shoulders, two inner 4-ft shoulders, a 14-ft 
recreational trail, and separating barriers. 
 Both abutments are founded on rock bearing 
spread footings. The gap behind the back of the 
East Abutment and the bedrock cut face is backfilled 
with lean mix concrete to provide horizontal bearing 
against the cut face, as shown in Figure 2.  The East 

Abutment includes eight pre-tensioned cable tie-
back anchors, anchoring the abutment to the 
bedrock. The East Abutment acts as longitudinal 
anchor point for the bridge.  All expansion is 
provided for at the West Abutment. 

  
STRUCTURAL DESIGN CONSIDERSATIONS 

 
 Piers 1 and 2 are approximately 182.5 ft and 
165.5 ft tall, respectively.  Because the piers are tall, 
even small lateral loads from the superstructure 
produce large overturning moments at the base of 
the piers.  The necessarily high slenderness ratio of 
the columns results in reduced resistance to 
buckling, particularly in the longitudinal direction of 
the bridge where the columns do not benefit from 
the bracing of the connecting strut.   
 Anchoring the bridge at the East Abutment 
braces the piers at the top through the 
superstructure, reducing longitudinal demands on 
the piers and increasing column buckling resistance 
by decreasing the effective buckling length factor 
and providing a non-sway frame.  This allowed a 

Figure 1: Profile schematic of bridge and foundations (MnDOT 2017). 

Figure 2: East Abutment cross-section 
 (MnDOT 2015). 
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decrease in the size of structural elements in the 
piers, reduction in the number of piles, and reduction 
in the size of the pile groups.  At Pier 1, where a 
notch had to be excavated into bedrock, the reduced 
footing size also helped optimize economy by 
minimizing the volume of rock excavation. 
 The tall slender, flexible piers allow for up to +/-
4.5ò of longitudinal movement / deflection at the top 
of Pier 2 with minimal resulting moment on the 
foundation.  All other longitudinal loads from the 
superstructure, including wind and braking, is taken 
by the abutment along with a portion of the wind 
load on the piers.  The reduced longitudinal moment 
on the pier results in minimum reinforcement in the 
columns. 
 The anchors tie into the East Abutment through 
blockouts cast into the abutment face.  Each 
blockout includes a starter hole formed during the 
abutment casting.  The anchors themselves are 
typical permanent strand anchors.  Each anchor has 
five ASTM A416 strand tendons with double 
corrosion protection.  All eight anchors are designed 
for a factored test load of 218 kips.  The minimum 
specified grout strength is 3,000 psi.  Following 
successful load testing and capping, the blockouts 
are filled with epoxy grout for corrosion protection.  
The cross-sections of the bonded and unbonded 
portions of the anchors are shown in Figure 3. The 
anchors are spaced on 6-ft centers in a single 
horizontal row in the center of the abutment.  
Longitudinal tensile force is resisted by anchor 
tension. The center six anchors have a specified 
lock-off load (LL) or pre-tension load of 164 kips, 
and the outer two anchors have a LL of 82 kips.  
Longitudinal compressive force is resisted by sliding 
resistance of the rock bearing abutment footing and 
passive pressure against the back of the abutment.  

 Fixed disc bearings supporting the two center 
girders provide the transfer of longitudinal force 
between the superstructure and the East Abutment.  
The bearings supporting the outer six girders are 
non-guided, allowing horizontal rotation of the 
superstructure without generating a torsional force 
couple on the abutment.  Each disc bearing is 
designed to take the full factored longitudinal load 
(1590 kips) by itself to provide redundancy through 
the bearings.  The longitudinal force accounts for all 
externally applied loads, temperature and 2% of 
superstructure dead load for bracing the columns. 
     

GEOTECHNICAL DESIGN CONSIDERATIONS 
 
 The subsurface conditions at both piers are 
well suited to smaller diameter foundations installed 
with down-hole hammer (DHH) percussion drilling 
techniques.  Although the chert iron ore bedrock is 
very strong, it is also highly fractured making open 
hole drilling difficult as was demonstrated by 
observed instability of 20-in diameter rock sockets 
during a design-phase load test program.  By 
utilizing foundations that are essentially large 
diameter (30-in) micropiles, full length casings were 
advanced into the hard rock simultaneously with the 
DHH to maintain stability.  Also, at Pier 2, advancing  
larger diameter drilled foundations through the MWF 
was expected to be challenging due to the cobbles 
and boulders.  Thus, construction considerations 
drove the decision to found the piers on relatively 
slender drilled piles with limited flexural strength or 
bending stiffness.  Reducing longitudinal demand on 
the piles with the anchored abutment compensates 
for the limited bending stiffness of the piles and 
reduces the number of piles required at each pier.   

Figure 3: Anchor cross-sections (Skyline 2016). 
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 The subsurface conditions at the East 
Abutment are ideal for an anchored abutment.  
Because the east side of the pit is slightly higher 
than the west, the East Abutment is situated in a 
rock cut and founded on and against freshly 
exposed bedrock.  The bedrock at the East 
Abutment also happens to be some of the least 
fractured rock at the site, making installation of rock 
anchors less challenging.   
 Although the potential bond stress between 
grout and the bedrock is likely much higher, the 
anchors were designed for a conservative bond 
stress of 7 ksf.  The reasons for the conservative 
design were: 1) the significant difficulty and potential 
construction delays associated with mitigating an 
anchor not passing a load test, 2) the limited 
material and labor cost savings associated with 
reduced bond length considering the small number 
of anchors, and 3) long-term reliability for such a 
permanent application.   
 Each anchor is designed for a 218-kip factored 
test load (FTL) with a resistance factor of 1.0, since 
all of the anchors are either proof or performance 
tested.  The bond length is 20 ft.  20 ft of unbonded 
length is included to ensure the anchors tie into 
competent bedrock well behind the abutment.  The 
anchor details are shown in Figure 4.   
 Compressive load into the abutment is easily 
resisted by sliding resistance of the rock bearing 
footing and passive pressure against the back of the 
abutment.  The bedrock at the abutment is massive 
with few fractures and the average uniaxial 
compressive strength of rock specimens from this 
rock is 20,500 psi (Graham et al. 2015).  A picture of 

the excavated rock face behind the abutment is 
included as Figure 5. 

  
 SUMMARY AND CONCLUSIONS 

 
 The conditions at the TH-53 bridge site are 
ideally suited for a bridge with an anchored 
abutment.  The depth of the mine pit being spanned 
drives the need for very tall piers which are not well 
suited for resisting longitudinal loads.  The 
competent bedrock at the East Abutment allows for 
simple and effective transfer of longitudinal load 
through tieback anchors and passive resistance.  
Fixed disc bearings allow transfer of longitudinal 
force between the abutment and piers through the 
superstructure, bracing the piers in the longitudinal 
direction. 
 The relatively minor added design and 
construction complexity associated with the 

Figure 4: Tieback anchor detail (MnDOT 2015). 

Figure 5: Exposed rock behind East Abutment. 
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anchored abutment was well worth the reduced 
complexity and cost savings gained in the design 
and construction of the foundations and piers.  
Particularly by reducing the number of piles and size 
of the piers, the overall construction complexity and 
risk to schedule delays was minimized. 
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