PRESTRESSED CONCRETE BEAMS

BEAM SHAPES
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PRESTRESSED CONCRETE BEAMS

DESIGN PROCESS

SECTION SHEET
NO. NO.

23 U.S.C. § 407 Documents SINIE FROUECINGS

NDDOT Reserves All Objections ND PROJECT NUMBER SEC | PAGE
, 125-0" Overall Beam Length
| r— - FULL GIRDER DESIGN

%ym about
[ [ Beam Provide holes and inserts in the beams at the shown to the
I | bars. Provide 6AT500 bars threaded to fit the inserts. Use galvanized, epoxy-coated, stainless

stee.or .?3’.‘;’3&&2‘; me::; for holes and inserts. See Siab Layout for diaphragm ocstion m U S e d f O r p r O_j e Ct a t

Provide lifting loops or handling hooks as required by the Contractor. Additional inserts, brackets,
and hardware may be incorporated into the finished beam for the convenience of the Contractor.

Use galvanized, epoxy-coated, stainless steel, or non-metallic material for all inserts, brackets, N

and hardware if less than 1inch of concrete cover will be provided in the finished structure. e r I n g n e rC a n g e

The required Detensioning Strength indicates thg minimum required concrete strength at the time
rength thy

of prestress transfer. The required I t e required
f i concrete strength prior to transporting and erecting the beams.

. S ' ¥ Distances shown n the table are measured from the bottom of the beam to the center of C O N S t I u C t e d i N 2 O 2 5

126" gravity of the strand group listed.
BEAM ELEVATION Minor changes to the shape of the beam and to the reinforcing steel may be made to

- Ir__ .? ea—— mgogm g\e forms of various Contractors and their construction methods with the approval [ ] \N i | | S e e n eW p r O C e S S O n
T —— i - future projects

Total Beam Weight 51.9 |tons
Cross Area at End Span 1,182.75 i . .
Cross Area at Midspan 732 |[im Al | D D t d
C.G. from Bottom of Beam at Midspan 31.17_|in e S I n a a a n
Moment of Inertia at Midspan (1) 392,056 [in*
Section Modulus at Midspan (SB) 12,578 i M | M | d M

MINIMUM CONCRETE COMPRESSIVE STRENGTH D eta I S / I n C u I n g P/S
Detensioning Strength (f'ci) 7.00 |ksi
|Acceptance Strength (fc) | 7.00 |ksi

PRESTRESSING STRAND DATA St ra n d Patte rn’ fu | |y

-0 |
o

f‘g
}

g

5-3

50"

5-3"

Isp@1-1°
1%" Holes

asp@ 11"

1%" Holes

—-0—-—0—-—06—-

0.60" Diameter - Grade 270 F ing Strands
Initial Prestress = 0.75 * fpu

. . .
E — - d d and detailed
Number
g‘t _ Midspan | End Span eslgne an e al e I n
5 o p—— - 2 Straight Strands 28 3.86 3.86
Use holes for all beams at the abutments Use holes for all beams. Draped Strands 8 5.00 57.00

END VIEW SECTION @ € :‘"s‘:r'gr';'ﬂz:::g s:"s": g‘:’;e‘;” Total Strands 36 a1 15.67 t h e | a n S
PRESTRESSING STRAND LAYOUT PRESTRESS LOSSES p
ELEVATION ELEVATION Elastic Shortening Loss 18.02_|ksi
[Long Tem Losses 23.41 _[ksi M
BEAM END DETAIL INTERMEDIATE DIAPHRAGM DETAIL [Tolel Losses A [ ] e e to a I a g ra m O r

PRESTRESS FORCES
Initial Prestress Force [ 1581.9 [kips

- SR predicted camber?

__‘ 3" Threaded QUANTITIES (ONE BEAM)
BEAM LENGTH 125.0 LF

1-3%

KEY: This drawing

x Vacant Strand Location . v

No. & Deformed Rebar (Grade 60). [ pr‘e||m|n N O R T H
® Filled Strand Location (Bonded) Include in bid item for Prests d Beam.

Include in bid item for Prestressed Beam. S i.'& LOCATION

W
@ Filled Strand Location {Debonded x-x" Each End) ’\§

[ Filled Strand Location (Debonded x-x" Each End) 6AT500 DETAIL ‘ \’ Yo or .
@Filled Strand Location (Debonded x-x" Each End) Mg . T
Q lementation PRE-TENSIONED 63" O O O rans po rto h on

[ Indiates Locat PRESTRESSED -BEAM
T & |'T_| or‘;[l)er:pesd Shands. purposes.
|| g 00-000.000-0 Be Legendary.




PRESTRESSED CONCRETE BEAMS

DESIGN PROCESS

SECTION ‘SHEET
NO. NO.

23 U.S.C. § 407 Documents SAIE FROUECT NO:

NDDOT Reserves All Objections ND §5-5-085(086)012 170 | 14
560 Ol o Logt FULL GIRDER DESIGN
i NOTES:
27'¢" Sym about
¢ Beam

Provide lifting loops or handling hooks as required by the Contractor. Additional inserts, brackets,
and hardware may be incorporated into the finished beam for the convenience of the Contractor.

Use galvanized, epoxy-coated, stainless steel, or non-metallic material for all inserts, brackets, .
and hardware if less than 1inch of concrete cover will be provided in the finished structure.

The required D ioning Strength indicates the minil requlred concrete strength at the time
of prestress transfer. The required Strength indicates the required .
concrete strength prior to transporting and erecting the beams. d eV e | O e d O r ro e C't to

i Y Distances shown in the table are measured from the bottom of the beam to the center of _J

219" gravity of the strand group listed.
BEAM ELEVATION ' Minor changes to the shape of the beam and to the reinforcing steel may be made to M

accommodate the forms of various Contractors and their construction methods with the approval e I O r
of the Engineer.

KEY:

e s construction

@ Filled Strand Location (Bonded)

19"
1-6"
M x
30
i
8
M
19"

ﬂ @ Filled Strand Location (Debonded 4-0" Each End) BEAM SECTION DATA .
:‘_‘ R [®1 Filled Strand Location (Debonded 8'-0" Each End) Beam Wt =483.3 Ibs/ft + 1,212 Ibs for End Blocks [ ] ‘s | | DeS I g n Data a n d
— Beam Length 55.0 |ft
5 [ ] : : - Total Beam Weight 139 |tons
_‘J . L“ J or l‘L L’;"[',",:“;;Lg;';‘:,‘;’;’ I—&—| 1 Bars (typ) Cross Sectional Area at End Span 755 i . . .
el e L2 e T S Details, including P/S
END VIEW SECTION @ € C.G. from Bottom of Beam at Midspan 9.84 |in I
Moment of Inertia at Midspan (1) 23,248 |int
PRESTRESSING STRAND LAYOUT Section Modulus at Midspan (SB) 2412 |in®
MINIMUM CONCRETE COMPRESSIVE STRENGTH St ra n Pa tte r n ’ u y
[Detensioning Strength (') | 7.00 [ksi |
|Acceptance Strength (f'c) [ 7.00 |ksi . . .
=" PRESTRESSING STRAND DATA d d d d t | d
’ 2281 0.60" Diameter - Grade 270 F ing Strands e S I g n e a n e a I e I n
a9 g 15"~ B2 Initial Prestress = 0.75 * fpu
o Jl ¥ s Y Distance (inches)
3 g e ik ; . 37 | Nimber Midspan | End Span t e p a n S
owp N 2 =§r‘ . ' BEAM END PLAN AT PIER Straight Strands 25 2.80 2.80
e 27% Draped Strands 0 0.00 0.00 .
Total Strands 25 2.80 2.80 [ N d t d d d f
E— | FRESTRESSToseEs eed 1o a lagram 10r
B1,B2&B3 B4 B5 |Elastic ing Loss 19.01_Jksi
|Long Temm Losses 2519 [ksi M
o predicted camber?
1-6"~B7 PRESTRESS FORCES
Initial Prestress Force [ 10986 [kips
® Final P/S Force after Losses | 8588 [kips
. o
QUANTITIES (ONE BEAM)
. End of Beam ——| BEAM LENGTH 55.0 LF
o -
w _— = This drawmg
51"~ B8 T R is prell l% SPRING CREEK NORTH
16"~ B9 29 1 it t»‘ 4 SOUTH OF JCT US 12

mam il N DOkO‘l'O ‘ Transportation

(DIMENSIONS SHOWN ARE OUT TO OUT) purposes. PRESTRESSED SPREAD BOX BEAM
BENT BAR DETAILS e 85-012.747-14 Be Legendary.




PRESTRESSED CONCRETE BEAMS

BEAM DETAILS

MQTKB’;ZZEL 'SNZZT °"EBEAM GIRDER DETAILS

i 4 x| rs|aam = Reinforcing steel extending out of the girders into the bridge
N deck needs to be epoxy coated.
EESRRRTAL = |nserts, brackets, and hangers permanently incorporated into
B | 4 | & | &0 | BENT the girders need to be galvanized, epoxy-coated, stainless
o steel, or other non-metallic material.

L L B2 * Welded Wire Reinforcing with minimum
circumferential steel area of 0.15 sq in per ft
may be substituted for B2 and B3 bars

(SHOWING REINFORCING) at 1'-4" spacing. NOTES .

** Field bend as shown with a 2%" minimum
bar bend diameter (Grade 60).

[+ Epory Coated | .oe.z o Provide holes and inserts in the beams at the locations shown to accommodats the diaphragm
= e ' "om bars. Provide 6AT500 bars threaded to fit the inserts. Use galvanized, epoxy-coated, stainless
steel, or non-metallic material for holes and inserts. See Slab Layout for diaphragm location

b=t

t ;H % details and required skew angle.
BAR LIST ~ ONE BEAM * < Provide lifting loops or handling hooks as required by the Contractor. Additional inserts, brackets,

R R T and hardware may be incorporated into the finished beam for the convenience of the Contractor.

B2 | 3 | 34 | 210" | BENT _wer Use galvanized, epoxy-coated, stainless steel, or non-metallic material for all inserts, brackets,
= 4 [ X[ fe [ W and hardware if less than 1inch of concrete cover will be provided in the finished structure.

B5 3 X 2'-9" BENT

5[5 | x | o | sm N ORTH
* B8 5 24 4-0" STR
:* F::)ngt;egi:tseihown (Grade 40). E‘ g DO kOfO ‘ TrCI n S pO I'fCII'I O n

B1

Be Legendary.



PRESTRESSED CONCRETE BEAMS

N E W B E A M D E TA I L S Table 1. Qonmarison .Of minimum inside diameters of bends for 90-degree

bend of stirrups and ties

Reinforcing | CRSI'Table | ACI318-19* | AASHTO® | ASTMAG615/

REBAR BEND DIAMETER — AASHTO vs. CRS| ol I i 19 A
NDDOT Std Specs require rebar to be fabricated in pin diameter
accordance with CRSI Manual of Standard Practice No.3 2in.G3d) | 40d, | 404, |3.5d, forGrades

= Current CRSI Manual requires larger bend diameter for o 4 iin. 50d) | 40d, | 40d, :00;11;1 6{1} 2
stirrups & ties No. 5 3in. 5.2d) | 40d, 4.0d, % :;fldoi(]ora *

= Use of larger bend diameter requires either change to Note: , = reinforcing bar diametet. AASHTO and ACI 318-19 require 6.0/ for general-
location of P/S strands or reduction to clear cover in use bas. This table does not apply to galvanized or epoxy-coated reinforcing bars.

bOttom ﬂange Table: Dr. Krista Brown.

= NDDOT preference is to continue to use the smaller

bend diameter previously used by CRSI and still in use TS T
by ACI and AASHTO. NOTES: MARK | SIZE] NO. | LENGTH | SHAPE
e ' BI | 3 | X | 39 | BENT
» Added a note to the beam sheets specifying the Al B diescresionamsitine | B2 [ 8 | 84 [ ZA0 [ BENT
. . . . *B3 4 X 116" BENT
required bend radius for each bar size used in the P/S Unless noted otherwise, bend bars to s« | ¢ [ 16 | 5 | eent
the bend diameter (D) listed below, B5 3 X 2 g BENT
beams #3 Bar-D=1%" 56 > | 8 | o7 | BEMT
4 Bar-D=2 B7 | 5 | X | xxXx" | STR
#5 Bar-D = 2%" * B8 ] 24 4-0" STR
* Fleld bend as shown (Grade 40),
** Epoxy Coated.




PRESTRESSED CONCRETE BEAMS
NEW BEAM DETAILS

I GIRDER BOTTOM FLANGE REINFORCEMENT

Detail sheet specifies 1 V4" cover required to all surfaces

CADD drawings with rebar drawn to correct diameter and bends
showed less than 1" of cover provided to B1 bars in bottom flange
Use of larger bend diameter requires either change to location of
P/S strands or reduction in clear cover in bottom flange

|

e & & @

#4 Confinement Reinf. (B1) #4 Confinement Reinf. (B1) #3 Confinement Reinf. (B1)
CRSI Bends AASHTO Bends AASHTO Bends

SECTION @ €




PRESTRESSED CONCRETE BEAMS
NEW BEAM DETAILS

I-GIRDER BOTTOM FLANGE REINFORCEMENT

= Changes to meet AASHTO requirements for confinement reinforcement
» B1 bar changed to #3 bar (AASHTO Min for confinement)

» Modified B2 to be placed for distance of 1.5(H) from girder ends

» Modified top leg of B1 to vertical to avoid conflict with draped strands

Previous Bottom Flange Reinforcement Revised Bottom Flange Reinforcement




PRESTRESSED CONCRETE BEAMS

NEW BEAM DETAILS

R s == |-GIRDER BOTTOM FLANGE
BS Half B3 Per Side |
(Cut2f

—~—+—+—=++t-+—++—+  REINFORCEMENT
= Spacing changes for B1 & B2 bars

N o = B1 continues to be provided full
u | length — 6" max spaces within
RV i i 1 N S i N N B 1.5(H) from beam ends
oo ] = B2 bars provided as additional
o v B PREVOUS DETAL - PART BEAM ELEVATON confinement reinforcement

. : g within 1.5(H) from beam ends
oo Sl s Ii Ii Ii Ii Ii Ii li | l(”:u"t:i:;'lf)“":ﬂ_ml L 1@ | : only

[ =
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PRESTRESSED CONCRETE BEAMS

NEW BOX BEAM DETAILS

BOX BEAM CHANGES
OLD DETAILS » Eliminated formwork notch
from tops of beams — No

I longer needed by
Contractors in ND
g__l | 3 §14" | & | 3 (%4" | ‘ 4

Sl -]

= Will simplify detailing and
placement of transverse reinf
[ = » Reduced the number of bars
| T T at beam ends — B5 & T1 bars
"] = Re-spaced some bars to
avoid conflicts with other

bars and P/S strands.

1"Clr
(typ)

—'-_—
 E—
3" T
N e
1-0%
\ L —— ="
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(typ)

/ \. Y / N\
] ol ]
w0 T T
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DO kO'I'O ‘ Transportation

Be Legendary.

REVISED DETAILS




PRESTRESSED CONCRETE BEAMS
NEW BOX BEAM DETAILS

BOX BEAM CHANGES

= Spacing shown in previous detail resulted in a
lot of conflicts requiring modifications by
fabricators
Forming bracket made it difficult to obtain 1"
min clear cover and confine P/S strands
Proposing to eliminate bottom corner strand

PREVIOUS DETAIL from use to achieve proper clear cover to B1

bars with all strands confined

T

. ”l:

L1
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lo[[a]e o||els e @:-@ ) 45: @@@@@@@ i
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(Eliminate Corner Strand) Be Legendary.




PRESTRESSED CONCRETE BEAMS

|-GIRDER INTERMEDIATE DIAPHRAGMS

=— ¢ Roadway
| Bridge

A

23 U.S.C. § 407 Documents
NDDOT Reserves All Objections ND

T
Tl
4 J
%" Bent Plate % Bent Plate
C Di (typ)
(typ)

4Sp @ 7-3" ~ 63" Prestressed I-Beams

-

(T~ w1 |

ELEVATION

P
I

€ 1%" x 2%" Slotted
Holes for %" Dia Bolt
j\
I~ .
T T I | ®

Lﬂ ;Rv(typ)
©

e

DIAPHRAGM CONNECTION

%" BENT PLATE

1%" 2 Holes in Web ’ -

%" @ A325 Bolts with two Hex Nut
and two hardened 3" sq x %"
Plate Washer (typ)

&
=
7] *
T h T
. eyb i _ll_ | f — € Beam
b [ o | & B i
Be | Bk -
7] 3 iaphragm
© e A é’ L 1%" 5 —\ | /_ Corfnecgon
i ! M Holes in Web 1
i ' d
R e :
bld P
= - = 1 " -
R |
=|  Botiom %" & A325 Bolts with two Hex yul
oo | e
(BEAM FACE) (DIAPHRAGM FACE)
DIAPHRAGM CONNECTION SECTION A-A
%" x 12" BENT PLATE

SECTION B-B

sTATE PROJEGT NO. o L
IM-2-094(186)217 170 15

NOTES:

Use AASHTO M270 Grade 36 structural steel

Galvanize all structural steel and connection hardware per Section 854

%" x 6" x 6" angles may be substituted for the bent plate diaphragm connection plates shown
Install diaphragms between adjacent girders in conjunction with girder erection

Include all costs for furnishing, fabricating, and installing the steel diaphragm in the lump sum
price bid for structural steel

%" # A325 Bolt with Hex Nut
and one 3" sq %" Plate
Washer on slotted side and

Hardened Washer on
Diaphragm side (typ)

26"

_[Rﬂé'(lypl I i
! 1
! |

DIAPHRAGM
%" BENT PLATE

CONNECTION DETAIL

QUANTITIES (ONE INTERMEDIATE DIAPHRAGM)

STRUCTURAL STEEL 1LSUM

|-94/PETTIBONE INTERCHANGE

INTERMEDIATE
DIAPHRAGM DETAILS

DRAWING
NO.

94-217.146-15

INTERMEDIATE

DIAPHRAGMS

» Changed to steel bent plate
diaphragms for upcoming
project

* No significant changes to P/S
beam fabrication

= Slight change to hole spacing

for intermediate diaphragms

= Holes through webs will be

used for interior and exterior
beams

NORTH

DO kO'I'O ‘ Transportation

Be Legendary.
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QUESTIONS & DISCUSSION




