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Introduction

This memo addresses the deformation behavior of in-span hinges fi
concrete box girder bridges. This behavior consists of the upw
short cantilever of the box girder bridge, as well as the d
cantilever when it is loaded by the long cantilever. This
referred to as “hinge curl”.

st-in-place prestressed
eflection of the unloaded
ection of the short
is commonly

The designer is reminded that there is a vari im@pusually between 30 and 180
days, in which the short cantilever remai

d location, while longer durations
om its initial formed location. This period

final deflection that is downwar
may result in a final deflectig

finalized. Therefore, a t i endent camber values is typically provided as part
of the contract plans.

ve curl” deflections in order to provide the associated camber values
s. The procedure assumes that falsework will remain in the adjacent
til load transfer to the hinge takes place (Figure 1). This assumption is based on

Should it be desirable to remove falsework prior to load transfer, the procedure presented
in this memo should not be used. Instead, consideration should be given to either tying
down the short cantilever or producing the camber values using a time dependent analysis
program. Both alternatives are beyond the scope of this memo.
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Column\jS;\\\ False Bent

Prestress Cable Path

See Figure 4

i
Long | Short
ilever Cantilever

Figure 2 Hinge Diagram.

Sign Convention

It is important to note that deflection and camber carry opposite sign conventions.
Specifically, a downward deflection is considered positive, and corresponds to a positive
camber in the upward direction. Positive camber requires setting screed line elevations

higher than profile grade.
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Method of Calculation

1. Approximate the deflection of the short cantilever, in inches, at the centerline of hinge
due to dead load (See Figure 3).
wL PL

= 4L, —L)+—=2(3L,—L
DL 24E[( 3 1) 6EI( 3 2)

Q) 2)

Where,
(1) Deflection of short cantilever due to self weight

(2) Deflection of short cantilever due to

diaphragm (in.)
w = Uniform self weight of i ection of the short cantilever (kips/in.)
P
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¢ Hinl'lge Ls /Foce of support

¢ Bent

I‘\Foce of short cantilever

hinge diaphram

V////)] Denotes volume of concrete used to calculate "T"
N Denotes volume of concrete used to calculate "w

E= penotes volume of concrete used to calculate "P"

hinge due to prestress force.

Ay = 81,3
Y € (8L,

at anchorage in hinge diaphragm, positive up (in.). See Figure 4

Face of hinge
diaphragm
E’I\ rPr’esfr‘eSS Cable Path

[

J

LCG of Section

¢ Bent

Figure 4 Prestress Cable Path.
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Approximate the deflection of the short cantilever due to load transfer from the long
cantilever (See Figure 3).

L
reaction 3 E I

Where,

T = Transfer load from long cantilever; dead load

estimated from the longitudinal model as t
short cantilever hinge diaphragm.

Calculate A

Acurl = ADL + APS
Calculate Adjustment “SC” i t “LC” using the following formulas:
Adjustment “SC” is quired for the Short Cantilever (may be

positive or negative

>

0 day value =3.

. (theoretical; included here for illustrative purposes only.)

curl

on T 3'00Acur

i

+3.00A

i

reaction

1.60A~ +3.00A

reaction !

=1.55A . +3.00A
y value =1.50A  +3.00A .

value =140A . +3.00A
720 day value =1.25A +3.00A
1440 day value = 1.00A

i

reaction

+ 3.00ACW[ (theoretical; included here for illustrative purposes only.)

reaction

Calculate the difference between Adjustment “SC” values of the 0-day and 720-day.
If this difference is less than or equal to 1/2”, it is reasonable to assume that hinge
curl effects are negligible, and that a time dependent camber table is not necessary.
However, it is still advisable to utilize the recommendation described in the section on
“Construction Details”.
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Adjustment “LC” is the profile adjustment required for the Long Cantilever (may be
positive or negative value).

0 day value

30 day value
60 day value
90 day value
120 day value
180 day value
240 day value
360 day value
720 day value
1440 day value

= 3.00A
= 2.60A
= 2.20A
= 1.80A
1.60A
1.55A
1.50A
1.40A
= 1.25A
= 1.00A

+ 2.00Acur] (theoretical; included here for illustrative purposes only.)
+ 1.60A

reaction curl
+1.20A,,
+0.80A,
reaction * 0'60Acur1
+0.55A,
+0.50A

+0.40A,

reaction

1

reaction

1

reaction

1

reaction

1

reaction

reaction

reaction

eactio luded here for illustrative purposes only.)

0 30

60 90

120 150 180 210 240 270 300 330 360

Time (Days)

Figure 5 Deflection Factor Chart.

The long term effects that are incorporated into the Adjustment “SC” and Adjustment “LC”
calculations are derived from the Deflection Factor Chart (Figure 5). The Deflection Factor
curve represents the total amount of deflection a cast-in-place prestressed concrete element
undergoes with respect to time. The long term effect of creep and shrinkage is assumed to
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result in a total deflection that is three times that of immediate elastic deflection, and this will
occur over a four year period. Although Figure 5 shows up to 360 days, the Deflection Factor
curve approaches 3.0 by day 1440. The curve starts at a value of 1.00 since it represents
immediate elastic deflection for a given load at day “0”. Day “0” is considered the day that
the short hinge is prestressed.

The Deflection Factor chart may be used thus:
On day “0”, A =1.00A

total,day 0 elastic *

If that given load is left for 60 days after day “0”, the defl€@tion s to 1.80, thus:
On day “60”, A =1.80A

total,day 60 elastic *

in the loading condition someti
condition is the prestressin

time value is the elapse
long cantilever load is t

For exa ay value for Adjustment “SC” is 2.60A .+ 3.00A ,. The factor
epresents the notion that the short cantilever will be loaded by its self
immediately after it has cured sufficiently, therefore the maximum
.00 is applied. The 2.60A " represents the notion that 30 days has
ince prestressing the short cantilever, and the component of the deflection factor
creep and shrinkage, in the amount of 0.40 (1.40-1.00), has already occurred
hort cantilever. Thus, the transfer load component, A will only be subjected

to the¥emaining deflection factor of 2.60 (3.00-0.40).

reaction ’

Accordingly, Adjustment “LC” for the 30-day value is 2.60A_ '+ 1.60A_ . Adjustment
“LC” signifies the amount of camber correction that the long cantilever needs in order to
match the location of the short cantilever when the load is transferred. The factor 1.60,
applied to A, represents the notion that at 30 days, the short hinge has already undergone
1.40A  , of deflection, and what remains is (3.00-1.40)A_ . The 2.60A . signifies that the

transfer load component, A will only be subjected to the remaining deflection factor of

reaction’
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2.60 (3.00-0.40). In short, Adjustment “LC” results in the contact of Points 2 and 3 (Figure
6) when the transfer load from the long cantilever occurs on the anticipated schedule.

The factors used for Adjustment “SC” and Adjustment “LC”, and the calculation methods
presented herein, may be adjusted if more accurate site-specifie, and material-specific
deflection curves can be generated.

Development of the Plan Camber

This step involves incorporating the Adjustme j “LC” values with
the theoretical camber of the hinge span. j nt values are added to the
theoretical camber of the span, we refer “SC” and Camber “LC”.

180 days after prestressing the sho
shown on the plans. The designe

Figure 6 shows the relagfionship betwgen Adjustment “SC”, Adjustment “LC”, and the
theoretical camber of th

Point 2 = ents the adjustment to theoretical camber, up or down, at the end of the
lillever, which is dependent on the time of load transfer (Adjustment

- Represents the adjustment to theoretical camber up or down at the end of the
hort cantilever (Adjustment “SC”).
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Theoretical Camber

Adjustment "LCJ\ 2
1E\l\
T 3TAdjus+men+ "sc"

Figure 6 Adjustment to The

The generation of tabulated cambe
example. The following examp
“SC” and Adjustment “LC”
camber to generate Cam
before load transfer.

Example
Given:
A

Ji

2.08 ft

0.11 ft

= 2.625 ft (length of hinge diaphragm = 2" -7 1/2")
= 26.83 ft-(4.00 ft - 1.42 ft + 2.29 ft)

= 21.96ft

eZ
hinge diaph

1

Lz - Ll _ Lhing;diaph
= 21.96 ft-2.625/2 ft
= 20.65 ft

L = 26.83ft

11-34 HiNGe CurL 9
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i 180°-5" i 180°-5" i
| 148-1" !26'—10"L_2,_9" |
f 1] 1] I I
Jl € Span 4 Hinge-/’I JJ ”'
___________________________________________________________________ oy S
o rg T TTeealleT PR}
Bent 4 Bent 5 Bent 6
Elevation
| 42" -7%,"

8"Typ

a-11"

_V‘_
=
el

Hinge Section

Figure 7 Example bridge.
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Step 1 — Calculate A,
w  =90.6 ft* x 0.15 kip/ft* = 13.6 kip/ft
A, ... = 133.4 ft* (area of voids of the typical section)
P =A% Ly g = 0-150 Kip/ft?
= 133.4 ft* x 2.625 ft x 0.150 kip/ft*
= 52.5 kips (hinge diaphragm weight on short cantil side
wL; PL

= AL - L)+ 20L - L
DL 24E1( ) ( 2)

(13.6)(21.96%)

Ao = (24)(4030)(669. 12)(144)
. 52.5(20.65%) 1206
6(4030)(669. 2)(144)

A =0.016"+0.007" = 4

DL

Step 2 — Calculate A,
P, =8992Kkj
FC =0.876

A, =~ L,—3L)+e, (4L, —3L)]

Step 3 — Calculate A

reaction

T =809 kips
L
reaction 3 E [

11-34 HiNGe CurL 11
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809(26.83%)

reaction — ( )

3(4030)(669.2)(144)
~0.161"

reaction

Step 4 — Calculate A |
A = ADL t APS

curl

A,,, =0.023 + (-0.140) = -0.117"

i

Step 5 — Calculate Adjustment “SC”

Adjustment “SC”, 0-day ~ =3.00 . =0.13"
Adjustment “SC”, 30-day = 2. =0.07"
Adjustment “SC”, 60-day =0.00"
Adjustment “SC”, 90-d . =-0.06"
Adjustment “SC”, 120-d . =-0.09"
Adjustment “S =-0.10"

50 x (0.161) +3.00 x (-0.117) =-0.11"

50-day = 1.40 x (0.161) +3.00 x (-0.117) =-0.13"

)-day =125 x (0.161) +3.00 x (-0.117) =-0.15"

ence’= 0.13 - (-0.15) = 0.28"

This difference is less than 1/2", so hinge curl effects need not be considered. However,
the time dependent camber table and diagram will be generated for demonstrative purposes.
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Step 6 — Calculate Adjustment “LC”
reaction curl
Adjustment “LC”, 0-day ~ =3.00 x (0.161) + 2.00 x (-0.117) =0.25"
Adjustment “LC”, 30-day =2.60 x (0.161) + 1.60 x (-0.117) =0.23"
Adjustment “LC”, 60-day =2.20 x (0.161) + 1.20 x (-0.117),
Adjustment “LC”, 90-day = 1.80 x (0.161) + 0.80 x (-0.
Adjustment “LC”, 120-day = 1.60 % (0.161) + 0.60 x (
Adjustment “LC”, 180-day = 1.55 x (0.161) + 0.55 x (-

. 8"

Adjustment “LC”, 360-day = 1.40 x (0. . : =0.18"
Adjustment “LC”, 720-day = 1.25 x40~ ; (-0.117) =0.17"
Step 7 — Obtain Long Canti TBridge at 1/4 points

LC, . (at37.7)
LC,, (at 75.4,

o5 Tepresents unadjusted camber at the quarter point along the length of the long
lculated from the CTBridge program. SC is the unadjusted camber at the tip of
rt cantilever. SC, by definition, is equal to LC, . However, for a reverse configuration,
inw the short cantilever is on the left side of the span, SC is equal to LC .

11-34 HiNGe CurL 13
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Camber (in)

Long Cantilever Camber (from longitudinal model)

1.19

0.87
0.8

0.6 063

0.2

0 20 40 60 80 100 120 140 160 180

Distance along Span (ft)

This step calculates Ca
assume the adjacent spa
on span deflectign.

short cantilever. Because the calculations for A,

n falsework, it negates the effects of joint rotation

ore, one can estimate the deflection due to joint rotation,
e between the camber determmed by the longitudinal analysis

Cambegr “SC” values are calculated as such:
SC, 30-day = Adjustment “SC” +6 .

= 0.07"+0.50" =0.57"
SC, 60-day = 0.00"+0.50" =0.50"
SC, 90-day = -0.06"+0.50" =0.44"
SC, 120-day = -0.09"+0.50" =0.41"
SC, 180-day = -0.10"+0.50" =0.40"

11-34  Hinge CurL
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SC, 240-day = -0.11"+0.50" =0.39"
SC, 360-day = -0.13"+0.50" =0.37"
SC, 720-day = -0.15"+0.50" =0.35"

Camber Line based

on longitudinal model\\\

+

sc| Fbt——r0.0

< 0 o
= - =
o ! 12
o Long Cantiley, short !,
S S " Cantilever
€
.‘_
[0}
2
O
Figur Short Cafitilever Camber.
Step 9 — Adju Cant1 er for Time-Dependent Correction
Camber “LC” 1 imilarly to Camber “SC”

hinge
o
-
amber Line based i
longitudinal model c
£
=
. . -
ofile Line 3
)
B O b
"""""""""""""""""" e LC, ,

— — ‘ .
< 4 . : By 8,: ? -
5 N - S |+
3 = = s T B

I ‘ £
o ! i |
< i @]_l‘ Sh.OI’“" \@]

i Long Cantilever, L " Cantilever !

Figure 10 Long Cantilever Camber.
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Adjustment “LC” at 0-day = 0.25" (from Step 6)

3, 10 = LC, ,—Adjustment “LC”

= 0.63"-0.25"

= 0.38"
LC,,,30-day = Adjustment “LC”+39, .,

= 0.23"+0.38" =0.61"
LC, ,,60-day = 0.21"+0.38" =0.59"
LC, ,,90-day = 0.20"+0.38" =0.58"
LC, ,, 120-day = 0.19"+0.38" =0.5
LC, ,, 180-day = 0.19"+0.38" = 0.

LC, ,240-day = 0.18"+0.38"

1.0°

LC, ,360-day = 0.18"+0.3

1.0 ?
LC, ,720-day = 0.17"+

1.0°

At LC, __(at 3/4 point):

0.75

>~
X
[&
-
S
.’_
c :'
9]
€ based E p
on |0 dinal model (% 5]
2 €
= £
. . 2 )
Pr le Line 2
0
<<

™ T
< - - T g:T sl
+ | - ~ T e S |+
qc)\ ~ ~ PN T :(D

| : [an}]
@ o Short o
S 0 —— < i

Long Cantilever, L Cantilever

Figure 11 Long Cantilever Camber at 3/4 Point.
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At locations along the long cantilever, other than at the hinge, time dependent camber values
are adjusted by linearly interpolating Adjustment “LC”. At the 3/4 L point, Adjustment
“LC” is factored by 3/4. Note that if the hinge span configuration is reversed, in which the
short hinge is on the left, the factor applied to Adjustment “LC” at the 3/4 L point would
be 1/4 instead of 3/4.

Adjustment “LC” at 0-day = 0.25" x 3/4 = 0.19"

8,075 = LC, .~ (Adjustment “LC” x 3/4)
= 1.02"-0.19"
= 0.83"

LC,.s,30-day = Adjustment “LC” x 3/ cors

.83" =0.97"
+0.83" =0.96"

at 0-day = .25" x 1/2=0.13"
= LC_,,— (Adjustment “LC” x 1/2)

= 1.19"-0.13"

= 1.06"
LC,,,,30-day = Adjustment “LC”x 1/2+3, .,

= 0_23!/ X 1/2 + 1'06/! — 1.18"
LC,,,.60-day = 021"x1/2+1.06" =1.17"
LC,,,.90-day = 020" x1/2+1.06" =1.16"
LC,,,, 120-day = 0.19" x 1/2+1.06" =1.15"

11-34 HiNGe CurL 17
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LC

AtLC

0.50°

0.50°

0.50°

0.50°

180-day =
240-day =
360-day =
720-day =

0.25
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0.19" x 1/2 + 1.06" =1.15"
0.18" x 1/2+1.06" =1.15"
0.18" x 1/2+1.06" =1.15"
0.17" x 1/2 +1.06" =1.15"

(at 1/4 point):

Adjustment “LC” at 0-day = .25" x 1/4 = 0.06"

)

LC0.50

11-34

HinGge CurL

LC,,; — (Adjustment “LC” x 1/4)
0.87" - 0.06"
0.81"
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The Camber Diagram and Time Dependent Camber Table for the hinge span are shown
below (Figure 12).

TIME DEPENDENT CAMBER TABLE

. SPAN 4 HINGE

Elopsed time measured

rom prestressing the . Lon Short
short cantilever until Loggmggg+z}$¥er cqn+i|9 Cantilever
load transfer of long Camber "SC"
cantilever

ey '/aLC | VoLC | YaLC t)
30 days 0.08|0.10| 0.07

60 days 0.08 | 0.10| 0.07

90 days 0.08 | 0.10| 0.07
120 days
180 days
240 days
360 days
720 days
Profile Line
Ca
~ e\ . ~
v O | [~
o S * 2 3
* "_1__--—1 () © o
- x -
c c E: c c c
" 8 2 ] p hur a g a ©
+ | + C N L K22 K7 P
c S Q 3 + c
g = R e T N - N T L
P (S N e o
N =
]
o
€
(o]
(8]
LC
Span 4

CAMBER DIAGRAM

No Scale

Notes:

1. Camber Diagram does not include allowance for falsework settlement.
2.

For Camber "SC" and Comber "LC" values, see "Time Dependent Comber Table".
* Denotes time dependent camber values along the long cantilever. See "Time
Dependent Camber Table"

Figure 12 Camber Diagram and Time Dependent Camber Table.
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Construction Details

Although efforts are made to provide accurate time dependent camber adjustments for hinge
spans, it is prudent to provide construction details that accommodate variations to the final
product. Therefore, it is recommended that designers provide an additional 1" of concrete
cover for the top deck reinforcement so that grinding can be performed if necessary. The
additional cover should extend over a distance no less than ull length of the hinge
diaphragm.

Original signed by Barton J. Newton

Barton J. Newton
State Bridge Engineer
Deputy Division Chief, cture Poligy & Innovation

Division of Engdimeering Se
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