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I-205 Over Columbia River Bridge: Geometric Control for 

Cast-in-Place and Precast Segmental Box-Girder 

Construction 

JAMES C. TAI AND GEORGE K. LO 

Precast or cast·in·place segmental cantilevered construciion forms a relatively 
now generation In U.S. bridge construction. One of the largost·scale projects 
of this kind is the 1-205 Columbia River Bridge in Portland, Oregon, which 
was.started in 1979 and is due for completion in 1982. Tho project consists 
of two parallel bridges, each 75 ft wide. l·ts final contract for the main 
superstructure (length of 5770 ft) was awarded to a joint venture of S. J. 
Groves and Guy F. Atkinson. Responding to the Oregon Depar1ment of Trans· 
portation·s policy of value engineering, the longer 480., 600·, and 480-tt spana 
wore changed from precast· to in-pince construction by using traveling wagons; 
the shorter 240-, 300., and 360·ft spans remained precast. This unique setup 
afforded a special opportunity for comparing the two connruction methods 
and for coordinating design and geometric control y;lth construCllolJ. In­
cluded in this paper is an outline of geometric control for both cast-in·placo 
and match-ca.st segments; methods for prediCllng deflections, wh ich consider 
shrinkage and creep; and a brief description of compu1er programs for canti· 
levered construction. Also included a.re o description of the coordination be· 
tw>lon designer and field personnel in order to achieve quality and accuracy 
in construction, ~ comparison of actual conslructed elevations with pre· 
dieted elevations, and, finally, a discussion regarding implications for future 
segmental construction. 

In cantilever construction, the structure usually 
undergoes two phases, During construction, canti­
lever arms progress outward, and segments are 
gradually added until the ends of the designed can-

Figure 1. Segmental construction. 

tilevers are reached. For the final bridge, a con­
tinuous structure is achieved when the cantilever 
ends are either hinged or integrated into the canti­
lever construction from the adjacent pier (Figure 1) • 

During construction, the cantilevers are usually 
free from restraint at their cantilever ends and are 
fixed, or partly restrained, at their pier sup­
ports. Because this type of construction involves 
stage loading, which i n turn involves time-dependent 
deflections and s ·train changes, camber control dur­
ing the erecting or casting of the segments is abso­
lutely essential for the successful completion of 
the structure. 

Basically, determination of forces, stresses, and 
deflections of the cantilevers follows beam theory. 
Al though the calculations themselves are fairly sim­
ple, their accuracy depends on the recognition of 
all influe nces that ace responsible for the deflec­
tion of the structure. Especially important are in­
elastic strains, which must not be neglected. 

This paper describes the methods used in simpli­
fied analyses of cantilever deflections. Correla­
tion between calculated values and actual field mea­
surements is also given. 

ELASTIC AND PLASTIC DEFORMATION CHARACTERISTICS 
OF BRIDGE.5 

Cantilever construction of segmental bridges pro­
gresses along a predetermined pattern, which recog­
nizes the stages of the contruction or erection of 
the segments compr ising the cantilever. Typically, 
the construction cycle will vary from three to seven 
days per segment, depending on field conditions. 
After all the segments are in place, the ends of 
opposing cantilevers are joined and the bridge 
structure becomes continuous. 

The deflections of the cantilever during the var­
ious stages of construction and the deflections of 
the final structure are affected by the following 
conditions: 

1. Cantilevered structure: dead load of seg-
ments, weight of traveler or hoist, weight of form 
and construction equipment, prestressing forces, and 
pier deflections due to unbalanced loading; and 

2. Final structure: dead load of the connecting 
segment; removal of traveler or hoist; closure pour 
form; prestressing forces; topping, railing, curbs, 
and utilities; and removal of shoring, temporary 
supports, etc. 

Cantilevered Structure 

Cantilevered structures should take into account the 
following conditions: 

1. Dead load: The dead weight on the bridge is 
the most significant item that produces deflection. 
If the bridge was left to deflect without compensat­
ing pres tressing forces, it would be difficul~ to 
control its deflection and associated stresses dur­
ing and after construction. Hence, posttensioning 
is essential and must be fully used . 
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2. Traveler: In cast-in-place segmental canti­
lever construction, a new segment is cantilevered 
from the previously constructed segment; hence, spe­
cial travelers with movable forms that cantilever 
out to support the new segment are required . The 
effect of their weight must be considered. For pre­
cast segmental, construction, hoisting equipment for 
lifting new segment.s is required, and its weight 
must be considered in the deflection of the precast 
cantilever structure. A common traveler weighs 
90-135 tons (includ'ng forms) and a hoist weighs 
approximately 35 tons . 

3. Form and construction load: Weights of steel 
or wood forms and a working platform must be in­
cluded for cast-in-place construction . In precast 
segmental constru<;;tion , a working platform attached 
to the hoisting equipment will be required because 
it will affect the deflection. 

4. Post tensioning: In the longitudinal direc­
tion (along the top flange) , posttensioning will 
countecact the dead-load deflection to a great ex­
tent. It is not economically feasible to supply 
enough posttensioning to totally offset the dead­
load deflection for a long span cantilever. 
Genernlly, about 70-80 percent of the dead-load 
deflection will be counteracted by incremental post­
tensioning forces in the first half of the canti­
lever and about 50 percent in the last half. This 
l eaves the dead load not assumed by posttensioning 
to deflect the cantilever downward. Because the 
posttensioning forces will gradually relax, the loss 
of prestress must also be taken into account , as it 
will produce a further deflection of the canti­
lever. Such losses are well known for both normal 
weight or lightweight construction and can be pre­
dicted successful.ly in the computation of deflec­
t ions . 

5. Pier deflection: Because the bridge is con­
nected to its vertical supporting member or pier, 
the deflection due to pier deformation (both axial 
and rotation) may affect the cantilever end appre­
ciably. An appropriate adjustment is required in 
cast-in-place construction , especially for long, 
slender piers. 

6. Foundation rotation: Sometimes, cantilever 
constru.ction is built with unbalanced segments at 
the two sides. This produces a certain degree of 
rotation at the pi er and its foundation , and the 
ensuing angle change at the foundation and pier head 
may induce an appreciable amount of deflection at 
the cantilever ends. This effect is significant, 
particularly in cast-in-place construction and in 
elevations where the setting of forms mu-st be ad­
justed. 

Continuous Framed Structure 

Continuous framed structures should take into ac­
count the following conditions: 

1 . Dead load: The dead weight of the connecting 
segment is shared by the two adjacent cantilevers 
before its hardening. The deflection due to this 
closure pour and the related forms must be deter­
mined and included in the camber design. 

2 . Travelers: Travelers are usually rernoverl 
prior to the closure pour. The upward deflection 
that results f.rom the removal of the weight has to 
be considered . 

3. Forms and bracing: The deflection due to the 
weight of forms and the action of the bracing system 
that distributes the weight toward each end of the 
cantilever must be a part of the deflection compu­
tation. 

4. Topping, railing, curb, and utilities: Top­
ping, railing, curb, and utilities must be accounted 
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for in the deflection calculations. The construc­
tion schedule for the above must be predetermined 
for purposes of camber calculations, since it will 
make a substantial difference whether or not these 
loads are applied after the bridge becomes a contin­
uous frame. 

5. Removal of shoring and supports: The deflec­
tions due to removal of the shoring, temporary sup­
ports, etc., will affect the bridge deflections and 
stresses. Staged removal or removal at the final 
stage is to be decided before the camber design and 
precast work can be planned. 

MAGNITUDE OF DEFLECTIONS 

The magnitude of the deflection will be influenced 
by the following conditions: 

1. Cantilevered structure: free cantilever sys­
tem, sectional properties, mod ulus of elasticity, 
prestressing losses, concrete creep and shrinkage, 
and loading cycle and loading agei and 

2. Final continuous framed structure: contin-
uous framed system, closure sectional property , mod­
ulus of elasticity, prestressin9 losses , creep and 
shr inka9e, and ratio of dead load to pres tressing 
balancing forces. 

Cantilevered Structure 

Cantilevered structure deflections are influenced by 
the following properties: 

1. System: The cantilever is built in the ear­
lier stage of bridge construction by using segmental 
cantilever techniques before the adjacent canti­
levers are linked with either a hinge or an inte­
grated closure, which will then form a continuous 
framed structure. As t he result of the change in 
continuity , the deflection characteristics in the 
system prior to the connection are different from 
those in the connected system. 'l'ime dependency of 
load application is important. Foe example , the 
railing or curb loading may be added onto the bridge 
before or after the continuity pour in some precast 
segmental construction . Their deflections wi.1.1 be 
influenced by the system and the curing age of the 
concrete. 'l'he correspondent magnitude of th.e de­
flection will differ on the order of two to three 
times . 

2. Sectional properties: The cross-sectional 
properties of the br id9e superstructure--namely the 
moment of inertia of the sect ' on, its shear area, 
and torsional pcoperties--wi.11 directly relate to 
its deflection. Proper span-depth ratios and dimen­
sions for the bottom slab , which resist compression 
forces , are also essential to the performance and 
deflection characteristics of the structure. Sec­
tional properties at the closure, either a hinge or 
integrated pour, will have an influence on the de­
flection behavior as well. 

3. Modulus of elasticity: Because the modulus 
of elasticity for concrete varies with age, aggre­
gate, and mix, its prediction must be verified with 
actual field conditions in order to make control of 
the camber possible. The approximate time-dependent 
function can be defined in accordance wi t "h cecen t 
research and committee r~ommendations. The 28-day 
concrete modulus of elasticity ca n be expressed by 
the American Concrete Institute (ACI) formula (in 
B.5.1) for both lightweight and normal weight con­
crete : 

Ee= w u · 33 ·yr;:' (1) 

4. Prestress losses: Tendon forces are subject 
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to losses due to creep and shrinkage of concrete, 
elastic shortening of successive stressing, and re­
laxation of steel. For a cantilever system, the 
prestressing losses will not only influence stresses 
but also the cantilever deflection. All of these 
are time-dependent variables and can be expressed as 
time-dependent logarithmic functions. 

5. Creep: The proper ultimate creep factor must 
be assessed before initial prediction for construc­
t ion camber design. The effect of creep (1,2) must 
be checked with measured deflections in act-;:;-al creep 
testing in order to obtain ooc~ect camber elevations 
foe construction. In the camber design of the I-205 
Columbia River Bridge in Portland, Oregon, ultimate 
creep values of 2.0 and 1.5 were assumed foe cast­
in-place and preca·st;. construction, respectively. 

6. Loading cycle a.nd age of concrete: Because 
the creep patterns are affected by the age of the 
concrete at -loading and the duration of the load, 
the segment cycle, which dominates the pre stressing 
operation cycle, will influence the long-term de­
flection of the bridge. This will also affect the 
stress and strain redistribution after the system 
changes. In the I-205 Columbia River Bridge, a 
working cycle of seven days was considered for cast­
in-place construction and a two-day cycle was con­
sidered for precast construction. 

Continuous Framed Structure 

For continuous framed structures, the 
items are additional considerations to 
mentioned for cantilevered structures: 

following 
the items 

1. Modulus of elasticity: The change in the 
modulus of elasticity will not influence deflections 
in the final structure significantly; however, it 
will produce changes in strains and stresses in 
association with time change. 

2. Prestressing losses: At this stage, losses 
of the prestress forces will not influence deflec­
tions significantly, since the sensitive point--the 
tip of the cantilever--has been changed from a free 
end to the point of a continuous frame. 

3. Creep and shrinkage: As the structural sys­
tem changes from a simple determinate structure to 
an indeterminate structure, the strains and stresses 
associated with concrete creep and shrinkage will 
cause some change and redistribution of the stresses 
in the continuous systems after the connection of 
the cantilevers. Although the resulting deflection 
change is relatively small, the stress change should 
not be neglected. 

4. Ratio of dead load to prestress balancing 
forces: As the ratio of the dead-load force and 
prestress balancing force increases, the stress 
redistribution after the continuity pour will also 
be increased. Although stress redistribution is 
significant, the associated deflections are not due 
to structural continuity. 

BASIC THEORY FOR DEFLECTION COMPUTATION 

For cantilever construction, the deflection on the 
bridge is basically the problem of a determinate 
structure. Deflections can be determined by the use 
of the moment-area method: 

Della = L (M - X)/(Ec · I) (2) 

where 

deflection of the cantilever; Delta 
M moment due to dead load, construction 

load, and prestressing balancing load; 
X distances at each referenced point; 
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Ee time-dependent concrete modulus of elas­
ticity; and 

I cantilever segmental section properties 
(moment of inertia) . 

For analyzing the deflections and stresses of 
continuous bridges, various computer programs that 
use finite-element or stiffness-matrix methods can 
be used. The equivalent method for determining the 
long-term effects in the final cont i.nuous structure 
can be found in several papers (J:.-2>· In this 
paper, only the deflection due to the cantilever 
will be discussed, and a simplified camber design 
will be described. 

Design Parameters 

The following are design parameters for evaluating 
segmental deflections. 

Variable Modulus of Elasticity 

The modulus of elasticity of concrete is defined by 
formulas in ACI 318-77 as follows: 

Ee= W1 .s x 33 x Kat 28 days (3) 

Time-dependent Ee can be described by an expression 
that is linear in the log scale and represents time­
dependent characteristics. The Ee value in old con­
crete can be on the order of 20-30 percent higher 
(il than in its initial 28 days. Proper assumptions 
can be made to define a curve that represents time­
dependent Ee values for use in the computer program. 

Loss of Prestress Force 

The moment-area method is dependent on bending mo­
ments of dead load, construction load, and prestress 
balancing forces. The dead and construction loads 
are not time-dependent quantities, but the prestress 
balancing force and its effects are a time-dependent 
quantity , a-s these forces are added in conjunction 
with additional segments. The prestressing forces 
also vary due to relaxation of steel, creep, and 
shrinkage in concrete. For simplicity in predicting 
prestressing losses in a structure with a SO-year 
lifespan, it may be assumed that 15 percent (on 
average) of the initial force will be lost. The 
expression can be described as follows: 

Fs = Fsi [I -0.0352 Log (t - I)] (4) 

where Fs is the steel stress at t days after ini­
tially being stressed to Fsi, Fsi is the initial 
prestressi ng steel stresses, and there is a log base 
of 10. 

Creep of Concrete 

Concrete creep characteristics can be determined 
through laboratory testing procedures and estimated 
from values recommended by the Prestressed Concrete 
Institute (2) and Post Tensioning Institute (1) . 
The ratio of the ultimate creep strain to initial 
elastic strain is defined as the ultimate concrete 
creep factor Cu. Its value is influenced by envi­
ronment, percentage of steel, concrete age, duration 
of loading, concrete mix and aggreqate, method of 
curing used ClJ, etc. Labora_tory test values (in 
a ccordance with ASTM CS12) will vary from 1.5 to 
3. 5. However, taking into consideration all exter­
nal effects, the Cu value may reduce to 1.25 or 2.5 
in most bridge construction. 

For example, let Cu = 2.5 in a 50-yeac struc­
ture. Assuming. that it is loaded at seven days, the 
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following formula can be used for analysis: 

Ct; 0.235 x Cu x Log (t +I ) x [I -0.224 x Log (T/7)] (5 ) 

where 

Ct 
Cu 

t 
T 

creep coefficient at different time stages, 
ultimate creep coefficient, 
time after loading applied (days), and 
days when load is applied (7 days < T < 1 
year). 

The above formula should be modified to best fit 
actual concrete properties for individual projects. 
The ultimate creep value Cu must be verif ied with 
actual test data. 

Shrinkage of Concrete 

Due to its axial deformation characteristic, shrink­
age o f the conc r e t e will not s i gnificantly affect 
the deflections and stresses o f the structure during 
the cantileve r construction . It will, however, 
cause strain and stress changes in the later stages 
of the continuous structure. The axial deformations 
are restrained by supporting piers; thus, stress 
redistribution will be induced into the system. 

The following formula (_§) can be assumej for ax­
ial deformation of the concrete: 

Esh; 12.5 x 10-6 x (90- H) 

where H is the relative humi dity (in percent) 
Esh is the shrinkage stra i n (use 0.0005 for 
50). Furthermore, shrinkage will vary with time 
will reach 100 percent at 50 years, as shown in 
following formula: 

(Esh) t ; 12.5 x 10-6 x (90 - H) x 0.235 x Log (t +I ) 

where t is time at the point of concern (in days). 

Basic Def lection Formulas 

(6) 

and 
H ; 
and 
the 

(7) 

For basic deflection formulas, let us assume the 
following: 

1. At each segmental stage between each incre­
ment of loads and prestres s ing f o rces, the superpo­
sition method is applied (4) . Concrete modu l us of 
elasticity (Ee) changes with"time. 

2. For each increment, the section will have a 
curvature change due to the dead load and prestress­
ing force. The expression can be w~i tten as follows: 

where 

Thus, 

(8 ) 

total curvature, 
curvature that is induced by dead load and 
construction load, and 
curvature that is induced by prestressing 
forces. 

8mt ; (I + C1) x [M/(Ei x I)] (9) 

where 
time 

Ct is 
stages. 

is used, i.e., 

the creep 
For 9pt• 

coefficient at different 
the rate-of-creep method 

8p1 ; [(-Pix e)/(Ei x I)] + (Pi -Pi ) x [e/(Ei x I) ] - [(Pi + P1)/2 ] 

x Ci x [e/(E1 x I )] (! 0) 
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where Pi is the initial prestressing forces and 
Pt is the prestressing forces after losses at the 
time of t. Therefore, 

81 ; (M- P1 x e)x [1 /(E1 x ! )] + {M- [(P; +P1)/2 ] xe} 

x [C,/(Ei x I)] ( I I) 

3. For axial deformation only, the following is 
used: 

E; {P1 + [(P; + P1)/2 ] x C, } x [1 /(E1 x A)] + Esh (1 2) 

where A is the cross-sectional area and Esh is the 
strain change due to shrinkage. 

4. Shear deformation in cantilever girder was 
neglected. 

Based on the above assumptions, the elastic de­
formations will be calculated by use of the beam 
theory. The moment-area method or stiffness-matrix 
method can accurately predict elastic deformations. 
However, in the above formulas, the moment is a 
time-dependent quantity and subject to variation of 
stage prestressing. This is also coupled with vari­
able sectional properties. An electronic calculator 
or computer program that traces all the variable and 
relative displacements will ultimately give the de­
flections for each section at each construction 
stage. The program flowchart is illustrated in 
Figure 2. 

Tabulation 

The deflection for each stage can be tabulated and 

Figure 2. Program flowchart . 
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Figure 3 . Tabulation of bridge deflection and camber. 
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Figure 4 . Traveler for cast-in-place construction. 

summa rized . .Por compensating deflections , the cam­
ber can be obtained at a particular joint by adding 
all of the de·flections fo und in one column. Figur e 
3 shows tabulated deflections for each construction 
stage at different segment joints. Camber calcula­
t:.ion and camber design were based on the assumption 
that the deflection would be compensated 100 pe.r­
cent . For example , at the construction stage of 
segmen t 10, the camber value wi ll be the summation 
of the deflections found under column 10 , which is 
the total algebraic summation of 0.07 and 0.01 
(total 0.08). 
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CAMBER CONTROL IN CAST-IN-PLACE CONSTRUCTION 

The camber values for a cantilever can be determined 
by providing an opposite amount of deformations at 
each segment joint, such as the following: 

1. Cantilever construction deflection due to 
dead load, construction load, and prestressing force; 

2. Closure weight and forms and continuity pre-
stressing force; 

3. Topping, railing, curb, and utility; 
4. Removal of traveler; and 
5. Long-term deflection adjustment, if any. 

Note that the deflection due to unbalanced moments 
at the pier and foundation must be considered in the 
field before the new form e;l.evation is set . It must 
be recognized that, at the final balanced condition, 
this effect must also be compensated. 

Canti lever traveling forms, as shown in Figure 4, 
have been used in most bridge construction of this 
type. In the I-205 Columbia River. Bridge (north 
channel) , the traveler was designed to have a total 
weight of 135 tons, including formwork . The maximum 
weight for a segment is 350 tons and the maximum 
length is 16 ft 3 in. 

The camber for construction is tabulated and il­
l ustrated in the diagrams shown in Figures 5 and 6 • 
On the upper table of Figure 5, the values shown in 
heavy diagonal boxes are the design camber readings 
for new segments. The new form at joint N is set at 
elevation EL. N (Figure 6). After concreting and 
prestress ing, the elevation will drop to EL. Nn . 
The contractor must modify the forwardi ng form ele­
vation if consecutive elevations are not consistent 
with those predicted • 

Constructed elevations on a completed 300-ft can­
tilever have been examined and compared with the 
proposed cambers. The elevations at the cantilever 
segment joints were within 0.5 in from the designed 
elevations. 

During the construction of segments, elevations 
at each s egment can be surveyed and compared with 
the predicted elevation. If the deflection change 
between each segmental cycle was not compatible with 
the predicted change, either the design assumption 
or the material propert ies needs to be examined and 
adjusted. 

CAMBER CONTROL IN PRECAST SEGMENTAL CONSTRUCTION 

For precast segmental construction , the casting 
techniques can be put into two categories. 

Long-Line Casting 

For long-line casting, the bridge is cast in a bed 
with the entire bridge length as if it were built on 
shoring. The camber design is the same as the cam­
ber diagram for cast-in-place construction. 

Short-Line Match Casting 

For short-line match casting, the segment will be 
cast one segment at a time and cast against a previ­
ously finished segment. Fig ure 7 illustrates cast­
ing techniques in the l-205 project (note that the 
previous segment is used as the match-cast form and 
is seated on an adjustable table). The correct rel­
ative angle change between each adjacent segment 
becomes the governing factor in the successful con­
trol of deflections. Unlike in long-lined casting, 
only two segments are being adjusted at a time, and 
any error in one segment will affect the prof ile of 
the rest of the cast work and the qualities of its 
assembly. The procedure for deflection control when 
match casting is as follows. 
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Figure 5. Camber design values and diagram. 
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Figure 6. Bridge camber construction history. 
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See Figure 6 for Detail 

LINE I 

For precast segmental construction, the camber 
shall be built accurately into the precast segment 
without the convenience of field adjustment found in 
cast-in-place construction. To avoid shimmi ng in 
the field, adjustments are usually made in the pre­
casting yard to correct relative angles. In order 
to compensate for deflection, the segments are cast 
with their camber, which re.quires a relative angle 
change. The angle between two chords that represent 
the two top surfaces of the segment indicates the 
angle change. Because it is a problem of space 
geometry, the relative angle may not necessarily lie 
in a vertical plane. It is also true that the angle 
change related to the bridge may not lie in a hori­
zontal plane. A dihedral angle between two random 
surfaces can be derived through known formulas, and 
their angle can be obtained through vector computa­
tions. 

The follow ing is an example of angle change cal­
culations. Assume two surfaces in a space, where 
one surface passes through three known points. A 
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Figure 7 . Match-cast operation. 

Figure 8. Two random surfaces and their dihedral angle. 

z 

y 

plane shown in Figure 8 can be defined as follows: 

x y z 
=O X1 Y1 Z1 

X2 Y2 Z2 
(1 3) 

X3 Y 3 Z3 

(14) 

(15) 

Thus, solve determinant of A1, B1, Cl, Di . 
we can find the fourth point eleva tion Z if we 

knew x4 and l.'.' 4 , or we can ver ify t he calcu lated 
z 4 with ac t ual e leva t i on. Two planes can be used 
to establ i s h t wo equations that c ons i st of A, B, C, 
and o. Their angle change of T can be solved for 
a dihedral angle between two planes as follows: 

Cosr = [(A 1 • A2 ) + (B 1 • B2 ) + (C 1 · C2)]/(}A1
2 +Bi 2 + C1 

2 

· J A,2 + B,2 + C2 
2

) (16) 

7 

Figure 9. Cast procedure of precast segments. 

CAST AGAINST OLD SEGMENT 2 ASSEMBLY PLAN 

Bulkhead Nf!W 

SECTION A-A 

Figure 10. Precast segment is ho isted up to its key-in position 

Sca ler : 

A • B = / A/ • /B l • Cos a 
Thus, the relative angle change for each adjacent 

segment is established. Based on bridge grade pro­
file and curve data, segment geometry can be estab­
lished by super imposing the above data with design 
cambers. Then the angle change between segments can 
be determined in accordance with the above-outlined 
pr ocedures. Afte r the re l ative angle be tween two 
segments has bee n determ i ned, the horizontal and 
ve r t ical o f fset c an be c alculated based on t he c hord 
lengths. The diagram in Figure 9 U lustrates the 
casting procedure . Then, s egments shipped f rom the 
casting yard are hoisted into position, as shown in 
Figures 10 and 11. 

By examini ng the structural record of a 180-ft 
precast segmental const ruc tion, it is found that the 
variat i ons be tween the pred i cted and actual s urveyed 
elevations are on the order of 0.25 in for most 
joints and 0. 7 5 i n a t two pa rtic ular joints (Figure 
12). It is a lso noted that t he a bove-mentio ned can­
tilever construction was done wi thout the use of 
shimming. 



e 

Figure 11. Hoisting equipment moves new segment into correct position. 

Figure 12. Design camber versus as·built elevation. 
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Elevation 

In precast segmental construction, it is diff i­
cult to construct a twisting angle between two ad­
jacent segments, which is necessary to accommodate a 
superelevation change. It invo ves twisting of the 
web or bottom slab from the plane of the previous 
segment. It also causes a gap at the segment joint, 
which complicates the concreting. In the I-205 
project, a slight tilting of one of the supports of 
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the old segment at the casting bed was used to 
achieve the necessary superelevation angle change. 

CONCLUSION AND RECOMMENDATIONS 

With proper control, segmental cantilevered con­
struction, either cast-in-place or precast, can be 
built accurately in elevation and plane geometry. 
Camber or deflection prediction involves many param­
eters, which are either time dependent or indepen­
dent. In construction, a simplified analysis of 
deflection prediction is desirable. 'i'he methods 
outlined in this paper have demonstrated the prac­
ticality of a simple approach to deflection control, 
and the results have proved to be satisfactory. 

From the experience o! several projects, and the 
l-205 project in particular, the simplified method 
of de.flecHon prediction can be used f or both cast­
in-place and precast cantilever segmental construc­
tions. The correct elevation in cast-in-place con­
struction relies on the correct set.ting of forms, 
while in precast segmental construction the correct 
elevation depends on accurate casting techniques. 
Success in both types of construction will depend on 
good camber prediction. 
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