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BENSON & GERDIN, INC.

CONSULTING ENGINEERS

•

•

3150 NORTH SEVENTH STREET

ROGER D. BENSON, P.E.

ALBERT A. GRIMM, P.E.

PHOENIX;ARIZONA 85014 PHONE (602) 264-0136

HAROLD E. GERDIN, P.E.

MICHAEL E. KENNELLY, P.E.

•
D. E. Sagramoso, P.E.
Chief Engineer and General Manager
Flood Control District of Maricopa County
3335 West Durango Street
Phoenix, Arizona 85009

•
Reference:

Dear Sir:

59th Avenue Bridge over
Arizona Canal Diversion Channel
Contract No. FCD-82-18
Structural Calculations

•

•

•

•

•

Pursuant to our agreement for engineering services relative
to the above referenced project, we respectfully submit the
structural calculations for this project.

Yours very truly,

BENSON & GERDIN, INC.
CONS~LTING ENGI~ERS

I6fA./,....../,r%~. "'~
Albert A. Grimm, P.E.

AAG:pr
Encl.

�o_ REGISTERED IN: ARIZONA. CALIFORNIA. COLORADO. MINNESOTA. MISSOURI. NEVADA. NEW MEXICO. NEW YORK. TEXAS. UTAH. WASHINGTON --_...
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BENSON & GERDIN,
CONSULTING ENGINEERS

INC.

3150 NORTH·SEVENTH STREET PHOENIX,ARIZONA 85014 PHONE (602) 264-0136

ROGER D. BENSON. P.E.
R.OiB~?:~f:rf~3rn1Cf·

RECEIVED
February 27, 1984

Ftr-B ..., ;;' '8 "c:..) '-t

Maricopa County Flood Control District
3335 West Durango Street
Phoenix, AZ 85009

Attention: Mr. Warren Anderson
Chief Construction Inspector

Reference: FCD No. 83-20
59th Avenue Bridge over the Arizona
Precast Deck Slabs

Gentlemen:

We have received a submittal through Artcraft Construction, from their
supplier Stanley Structures, concerning the rejected deck slabs.

As you are aware, on Thursday morning February 16, two truck loads of
deck panels were delivered to the jobsite for erection. We noticed that
there appeared to be excessive deflection in many of the panels and upon
closer inspection we found that the 3/8 inch prestressing strands were
3/8 inch or more above the centerline of the slab. The specifications
require the strands to be in the center of the slab with a tolerance of
±1/8 inch. We rejected all of the slabs except five.

OUr review of the slabs, at that time, indicated that the slabs could
not be used in the deck as originally intended without overstressing the
bottom of the slab in tension.

After several discussions with the contractor and his supplier, a
proposal was presented to us, on Friday, February 24. The proposal was
as follows:

1. After the slabs were erected, shoring would be placed along
the centerline of the slab, parallel to the girder centerline;

2. The maximum strand eccentricity allowed would be 3/8 inch
above the centerline of the slab.

The intention of this proposal would be to allow the deck concrete to
support its own weight in composite action rather than the slab
supporting the weight as a simple beam.
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We have reviewed the proposal based upon our original design. Our
findings indicate that although the slabs will be stressed to a higher
value than the original design allowed the stresses will be within
acceptable limits.

We therefore feel that we can accept the proposal with the following
stipulations;

1. That the bottom of the strand be no more than 1-11/16" from
the bottom of the deck slab

2. That the slabs be used only in locations where 3 or more slabs
are adjacent, i.e. avoiding the corners of the skewed bridge
at the abutments

3. That the deflection of the panel under its own weight not
exceed 1/4"

4. That all panels that have visible cracks on the bottom surface
be rejected.

5. The slab shall be supported at its centerline for the full
longitudinal distance and the shoring should be designed to
limit construction deflection to 0.10 of an inch.

6. Shoring design shall include calculations sealed by a regi­
stered engineer and be submitted for approval prior to instal­
lation.

We have enclosed a copy of Stanley Structures calculations as well as
our own for your review. Stanley Structures will not proceed until
approval has been received from your office. We might point out that
final erection will require the recasting of approximately 10 to 15
percent of the panels.

The cost of our review of this proposal as well as preliminary review
and meetings is $1,271.00.
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As soon as we hear from you, we will notify Artcraft to proceed.

Yours very truly,

BENSON & GERDIN, INC.
CONSULTING ENGINEERS

JJ(~~
Michael E. Kennelly,

MEK: lr
Encl.
cc: Artcraft Construction Co.

Albert Grimm
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59TH AVENUE BRIDGE PLANKS; 3 IN. P/C + 5 IN. CIP

"TRAPEZOIDHELEMENTS
_~t

HtK: = :3. 000 HC = :3.000 (TPG E)/(PREC E) =

/300Q/.5'000

0.775

------------------
..... 1 V2 B-BOT B-TOP UtHTS TYPE

-------------------------- • 3
A

. ~ I in 4 VB 'y'T :ST
,Ln )

SE:"n

36.000 27.000 1.500 1.500 18.000 18.000

(

0.000 3.000 12.000
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PRECAST SECTION PROPERTIES

COMPOSITE SECTION PROPERTIES

12.000
12.000

1
1

PRECAST
TOPPHiG

----------------------------
AC
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IC

448.530

'y'BC

3.755

YTC

-0.755
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STC

-594.437
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1.6.25

1.6.26-DECK PANELS

. (A) General

DESIGN

1979 -
. '-

136C

Precast prestressed deck panels. that are used as permanent forms spanning
between stringers. may be designed compositely with the cast-in·place portion of
the slabs to support additional dead loads and live loads.

The panels shall be prestressed with pretensioned strands. The strands shall
be in a direction transverse to the stringers when the panels are placed on the
supporting stringers. The top surface of the panels shall be roughened in such a
manner as to insure composite action between the precast and cast.in·place con­
crete.

The panels shall be designed assuming they support their self weight. any
construction loads and the weight of the cast·in·place concrete. and shall be
designed assuming they act compositely with the cast·in·place concrete to sup­
port moments due to additional dead loads and live loads.

Except as otherwise provided in this Article. the provisions of Section
6-Prestressed Concrete shall apply to the analysis and design of precast
prestressed deck panels.

(B) Bending Moment

Live load moments shall be computed in accordance with Article 1.3.2IC).

(C) Reinforcement

Reinforcing bars. or equivalent mesh•. shall be placed in the panel transverse
to the strands to provide at least 0.11 sq. in. per ft. (232.77mm'/ml of panel.

The prestressing strands shall be spaced symmetrically and uniformly
across the width of the panel. They shall not be spaced farther apart than 1 Va
times the total composite slab thickness nor more than 18 in. (,457ml.

------- -- -----------._-_.. -

-The miminum amount of nonprestressed longitudinal reinforcement pro­
vided in the cast.in·place portion of slabs utilizing precast prestressed deck
panels shall be 0.25 sq. in. per ft. (529mm'/m) of slab width.

(D) Prestressed Strand Development Length

At ultimate load, the stress in the prestressing steel as defined in Article
1.6.9(CI. shall be limited to:

Ix 2fse ( Ix 2 fse )
fsu = D + --or 6.895 - +--

3 D 3

but not greater than fsu as given by the equations in Article 1.6.9(CI.
In the above equation:
D ... nominal diameter of strand. in. (mI.
fse = effective stress in prestressing strand after losses. ksi (MPal.
Ix =distance from end of prestressing strand to center of panel. in. (mi.

(E) Negative Moment

In calculating stresses in the deck panel due to negative moment near the
stringer. no compression due to prestressing shall be assumed to exist.

i

I
I

I
e::::::t+--

I
I
I



,..... " .'-' ....

(
(CI Bending Moment

Bending moment per foot (ml width of slab shall be calculated accordin~

to methods given under Cases A and U. unless more exact methods are used
considering tire contact area. The tire contact area nceded for (>xactmcthods
is given in Article 1.3.H.

In Cases A and B:
S • Effective span length, in feet (m), as defined under "Span Lengths"
Articles 1.3.2(A) and 1.5.23(F) II
E • Width of slab in feet Iml over which 8 wheel load is distributed
P • Load on one rear wheel of truck (P I 5 or P20 ) (PI3.S or P18 )
P1S(PI3.5) - 12,000 pounds (54kN) for HIS (MI3.S) loading
P20(P I 8) - 16,000 pounds (72kN) for H20 (MI8) loading

Case A-Main Reinforcement Perpendicular to Traffic (Spans 2 to 24
feet (.610 to 7.315m) inclusive)

The live load moment for simple spans shall be determined by the follow­
ing formulas (impact not included):
HS20 (MSI8) Loading:

(~) P20 • Moment in foot·pounds per foot-wid th of slab

or ((S;:~~) P18) - Moment in kNm/m

In slabs c.ontinuous over three or more supports, a continuity factor oC 0.8
shall b_e apphed to the above formulas for both positive and negative moment.

1.3.8-TIRE CONTACT AREA

The t.ire contact area shall be assumed as a rectangle with an area in
sq~are Inches .ofO.~lP. and a Length in Direction of TrafficlWidth of Tire
ratio of 112.5. In which P = wheel load in pounds.

Note: this amounts to assuming a contact area of
8" x 20" = 160 sq inches(or 0.01 x 16,000 )
for HS-20 Truck.

COMMENTARIES-I98I INTERIM

ARTICLE 1.3.2

Since the present AASHTO method is from references which date back to i

the 1930-1945 period, it is appropriate to allow more recent and accurate!
methods based on Elastic Plate Theory, such as Pucher's influence surfaces,l
Finite-Element methods. etc. One important reason for the addition is that;
more bridges and decks are being precast today and cost savings will result:
when more accurate methods are used.



AASHTO STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 1977

(

120 HIGHWAY BRIDGES 1.6.6

(A) Prestressing steel

Temporary litress beCore loss due to creep and shrinkage .•..... 0.70(s
Streaa at service load· aCter 10_ 0.80C· y

(Overstressing to 0.80(s (or short periods o( time may be permitted pro­
vided the stress, alter transCer to concrete in pretensioning or seating o(
anchorage in post-tell!!ioning, does not exceed 0.70(s)·

(B) Concrete

(1) Temporary Stresses Before Losses Due to Creep and Shrinkage:

Compression
Pretensioned members ..•.••••••••••.•.•....•• , 0.60C'ci
Post-tensioned members •••••.•...••....••••... 0.55C·c i

Tension
Precompressed tensile zone ..•.• No temporary allowable stresses'
are specified. See Article 1.6.6(B)(2) for allowable stresses aCter

losses.
Other Areas

In tension areas with no bonded ...-.
reinforcement .•• 200 psi or 3vrcl or (1.379 MPa or . 249v'f:'ci)

. Where the calculated tensile stress exceeds this value, bonded rem­
forcem~t shall be provided to resist the total tension Corce in the
concrete computed on the assumption of an uncracked section. The
maximum tensile stress shall not exceed .•••.•....•...•....
. . . . . . . . . . . . . . . . . . . . . . . . . . , ...7.&..f(cior (.623"'(ci)'

(2) Stress at Service Load After Losses have Occurred:

• • ... ." o.

Compression .•.•••..••••.•••••.••••••••.•.•••. 0.40(c
Tension in the precompressed tensile zone
(a) For members with bonded reinforcement ••.•~or (.49By"rJ

For severe corrosive exposure conditions, such as
coastal areas •.•..••..••••....•.••.• 3~or (.24~)

(b)For members without bonded reinforcement ...•.•••.•.•...0

Tension in other areas is limited by the allowable temporary stresses
specified in Article 1.6.6(B)(1).

(3) Cracking Stress··

Modulus oC rupture Crom tests or if not available:
For normal weight concrete .•••.••••••• 7.&Jfi.or (.623-v'fcl
For sand-light~eight.concrete..•••.••••• 6.~v!J:..or (. 523Vfcl
For all other hghtwelght concrete : 5.5yTc or (.457Yf'C>

.Service load consbtl of all loads contained In Article 1.2.1 but does not Include overload
provisionL
••Refer to Article 1.6.10•

.... ··...,.-01· ~ .



(
Figure 7. Structural analysis of a panel deck.
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DESIGN ..E:.l;;:.'5:•. DATE 9..I2~/7~ '- TEXAS )
eK. DSH••••••• •••DATE •__• STATE DEPARTMENT OF HIGhWAYS

~~!Y:.!NlR-~~=EAt;z~L AND PUB~~c~R:v~~::RTATK)N

DLIvf= IJ It.09C9 ... 7 2 • 0.59 kl
LL Iv! • •d (71" 2) IG ... I.3 .: 1:4.(;8 K I

32

COUNTY _

CONTROL. __._._••__._
I.P. E. ._._
HIGHWAY •••••••••__• •• _

SHEET.__OF._••__

Try Sfandi7rd fi5lne/s .
4' Thick
1'1 •
Tet' =4000 pS./.
f6 = 5000ps.l.
;2 "¢-270K strandsc •

@ C; C.c..
Cclsf-in-Place

Fl::. - .sOOOp.s.i.
iY .. co 1<.:5./:

P07nels:
OL S-/2-<4'Z.:,: 32i,,3

G
DL Fe- .59 .. 1200Q .. -22Ip.s.i.

32 •
LL oS a /2...< 7.-=r5 2 ... 120 In !

G
LL Fe· 4.G8 >(12000 = - 4C8ps.i.

120
-Oe~9n Tofdl fc ='--(;89p.s';

Pre5fres~.1(C,I00~.8·2 • + .538p.sJ.
4- .. /2

Final I=Srnel f'c· - /51 p.s.i.
_--t----:~...~ Allow.:: C"""\l5000 "" - 424 OK,

Cosl-;n-Fface .s/eb:
Req.·d d (Ov~rhan5)= JA.G8 · 4.87

4

./97 2.
C.B7'

Prr:Nided 7.75"o.K.
A~ - 4.C13 1(/2 II: .5580*

2.0 ~.875..S.75 1
-. -sS @ C z 'c.Co O.K._

Check [Iff/male Mo",)nf: +M
t3tJ~.. r~(I-.5 o~f'.j AASHTO I.C.9(C)

-rb
.2701/- .5...()8S4~2 .. 270) .... 240k.s.i.

(- 5.75x/2,,3 7
*' or

TSU .. .b...- + 2 f'se AASHTO I.C./8
D .5

- 44. ..,. 2.1t.7~270,..§._ ZI8k.s.;'
.575.3 ~ Use

Mu - A~~ rst- d 7J -•C P ~.,e$fj ¢ AA.5HTO
{ . f'd:. 1.r;.9('~

- 2~.0()54.42/6't2..li1i- .c.-.otJ54.<2 or 2/8 9
12 {' 5.73)(/2 JJr.3 .

= /4.31<1
check Ulfimale Mornenf: -M .
Mu JI As T':I'd1/- .CD/' f'y }~ AA SHTO

I . 1" 'j 1.5.32(5)
-. SC;7 ... CO.-S. 75 '1-.(;«.5C7.. CQ).9

. /2 So 75 .. /2".3)
.• /3.21</

R~9-'d Mu· /.3(OLlYfr-jLLN) I
.1.3(. 59+I. c.7..4.( 5):: /0.9/1(.

. O.K.-

one f'cof(I) ••304dm, - one inch (II). 2.54 em , one ~"I'l! ;nch(a1·CA5cm2

OI1e·; kip foof· l.35G tim, One pound per :$gu.are inch (p.s.O :: G.lJ95kPa
one kIp per $Cfuort:> inch (k.~/.)· C.895 MPq .

~------------...--------------------

..-..-....-••~ _~_.,.. __ e ~ _. __••• ,_••• ,. ••••• _ _ '_" . ......-....,.. - .



BRUCE BABBITT
Governor

ARIZONA DEPARTf\,1ENT OF TRANSPOR1"ATION

HIGI-iWAYS DIVISION
206 Soutll Seventeenth Avenue Phoenix. Arizona 85007

WILLIAM A. ORDWAY
Director

February 23, 1984

Mr. William B. Mancini, P.E.
Stanley Structures, Inc.
2702 N. 3rd Street, Suite 2010
Phoenix, AZ 85001

Dear Mr. Mancini:

THOMAS R. LAMMERS
Assistant Director

ana State Engineer

Reference is made to your letter of February 22 concerning Informa­
tional Bulletin No. 108, dated March 1, 1977, relative to structural
concrete for bridges. We offer the following comments in regard to
the items enumerated in your letter:

1. In April 1976, the Federal Highway Administration issued
a new directive prescribing policies and guidelines for
bridge deck construction. The intent of these regulations
was to improve the quality of bridge deck design and con­
struction in order to deter their premature deteriora­
tion. One of the requirements of the FHWA was that con­
crete with a minimum compressive strength of 4,500 psi
be used for bridge deck slabs. The Informational Bulle­
tin was issued to inform consulting engineers that this
would be a requirement for the design of bridges on
federal-aid projects.

In order to avoid the use of thin slabs having excessive
flexibility, ADOT limited the allowable concrete design
stress for bridge deck slabs to 1400 psi regardless of
the minimum ultimate compressive strength of the concrete
used.

2. The Informational Bulletin was intended to apply to east­
in-place non-prestressed structural concrete for bridges.

3. At the time the Informational Bulletin was issued in 1977,
ADOT had not considered the use of precast/prestressed
concrete stay-in-place bridge deck planking. Therefore,
the provisions were intended to apply to conventional
cast-in-place full depth deck slabs.

HIGHWAYS AERONAUTICS MOTOR VEHICLE PUElLIC TRANSIT AOMINISTRATlVE SERVICES TRANSPORTATION PLANNING



William B. Mancini, P.E. - 2 - February 23, 1984

We hope our comments fully answer your questions. Please let us
know if you would like any further information.

Very truly yours,

r-;ec.~.
R. C. Brechler
Assistant state Engineer

RCB:mah

cc: F. D. Davis



TO: Greg Black February 23, 1984

FRQ.\l: Alex Aswad, PlID P.E.
Member, P.C.I. Bridge Committee

Re: Prestressed Bridge Deck Panels
59th Avenue Bridge
Stanley Structures Job No. 15133

With reference to our conversations in the last two days, please note I
contacted the fQllowing agencies and persons:

1. F.H.W.A. 's Office of Western Bridge Design: (303-234-4475)

I met with Mr. James Roller, Director, and Mr. Jim Keeley. They
gave me a copy of ''Transmittal 188" (it has nothing to do with
stresses.) They also confirmed that there is no Federal Directive
over and beyond what section 1.6.26 of A.A.S.H.T.O. 1977 and
interim 1979 dictate. Therefore, O. 4fcis the allowable stress
in compression and 6~ in tension for the planks.

2. F.H.W.A. 's Regional Office in Denver: (303-234-4633)

Mr. Larry Lutz, Regional Engineer

3. F.H.W.A. 's Washington Office: (703- 285- 2072)

Mr. Craig Ballinger, Structural Research Engineer
Mr. Ballinger is a prime mover for the bridge deck panels specifi-
cation.

4. Colorado D.O.T. : (303-657-9337)

Mr. Mike Perino, Bridge Structural Design Chief

S. P.C.I. Bridge Committee Chairman:

Mr. Don Goldberg

6. Mr. James Barker, V. P. of Figg & Muller Engineers:

Mr. Barker is a former State of Illinois Chief Bridge Engineer for
structures, and the actual author of A.A.S.H.T.O. interim 1977
section 1.6.26 on Bridge Deck Panels.

All persons confirmed that there is no Federal Directive over and beyond
what section 1.6.26 of A.A.S.H.T.O. 1977 and interim 1979 dictate.
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