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DESIGN SPECIFICATIONS:

AMERICAN ASSOCIATION OF STATE TRANSPORTATION OFFI;IALS (AASHTO)
“"STANDARD SPECIFICATIONS FOR HigHwAY BRIDGES”, THIRTEENTH
EpiTion, 1983

Seismic Risk Zone: I A = 0.05

Live LoAD: HS20 - 44

Deap LoAD: GIRDER = 583 PLF
SLAB = 94 PSF
FuTture WEARING Surrace = 25 PSF

UticiTy LoAD: WATERLINE = 120 PLF
CATV = 32 PLF

CONSTRUCTION SPECIFICATIONS:

MARICOPA AssocIATION OF GoveErRNMENTS (M.A.G.), “UNIFORM STANDARD
SPECIFICATIONS FOR PuBLic Works ConNsTrRucTION”, 1979 EDITION AS
SUPPLEMENTED BY THE “1984 CiTy oF PHOENIX SUPPLEMENT” AND THE
"SUPPLEMENTAL SpPeciAL ProvisIONns”.

CONCRETE:

CONCRETE SHALL CONFORM TOo THE DESIGN SPECIFICATIONS AND TO THE
APPLICABLE SECTIONS OF THE CONSTRUCTION SPECIFICATIONS, INCLUDING
BUT NOT NECESSARILY LIMITED To SecTIions 505 anp 725.

Use CLAss FC (Ps1)
PRECAST, PRESTRESSED AA 5000 FCI = 4000 psI
Type III GIRDER
CAsT-IN-PrLAce Deck AA 4000 FC = 1600 ps1
SUBSTRUCTURE AA 4000 FC = 1600 psI
BARRIERS AA 4000 FC = 1600 psI
APPROACH SLABS A 3000 FC = 1200 ps1

CONSTRUCTION JOINTS SHALL BE PERMITTED ONLY AT INDICATED LOCA-
TIONS. ADDITIONAL CONSTRUCTION JOINTS OR CHANGES TO. THOSE SHOWN
SHALL BE APPROVED BY THE ENGINEER-

ALL EXPOSED CONCRETE EDGES SHALL HAVE A 3/4 x 3/4 INCH CHAMFER
UNLESS NOTED OTHERWISE.

ALL REINFORCING STEEL SHALL HAVE A MINIMUM 2 INCH CONCRETE COVER
UNLESS INDICATED OTHERWISE-

CONCRETE SURFACES SHALL BE FINISHED IN ACCORDANCE WITH THE CoNn-
STRUCTION SPECIFICATIONS.




REINFORCING STEEL:

REINFORCING STEEL SHALL CONFORM TO THE APPLICABLE SECTIONS OF THE
CONSTRUCTION SPECIFICATIONS INCLUDING BUT NOT NECESSARILY LIMITED
To SEcTioN /27. THE REINFORCING STEEL SHALL HAVE THE FOLLOWING
CHARACTERISTICS:

MiIN. YIELD MAX. WORKING
BArR S1ZE GRADE STRENGTH STRESS
#6 AND SMALLER 40 or 60 40,000 pst 20,000 psI
#7 AND LARGER 60 60,000 pstI 24,000 pstI

ALL REINFORCING SPACINGS ARE CENTER TO CENTER OF BARS UNLESS
INDICATED OTHERWISE-

ALL BAR BENDING DIMENSIONS ARE OUT TO OUT OF BARS-

REINFORCING STEEL SHALL HAVE BENDS, DEVELOPMENT LENGTHS, AND
SPLICE LENGTHS IN ACCORDANCE WITH THE DESIGN SPECIFICATIONS-
PRESTRESSING WORK:

PRESTRESSED WORK SHALL CONFORM TO THE DESIGN SPECIFICATIONS AND

TO THE APPLICABLE SECTIONS OF THE CONSTRUCTION SPECIFICATICONS
INCLUDING BUT NOT NECESSARILY LIMITED To SEcTION 506.

CONTRACTOR SHALL BE RESPONSIBLE FOR PICK~-UP POINT INSERTS AND
LOCATIONS, SPECIAL PICK-UP REINFORCING AND STRONG BACKS, AND ALL
_PICK'UP AND PLACING OPERATIONS.




@

WELDING:

ALL WELDING SHALL CONFORM TO THE LATEST EDITION OF THE AMERICAN
WeLpinNe SocieTYy STRucTURAL WeELDING Cobpe Dl1.1 AS MODIFIED BY THE
AASHTO STANDARD SPECIFICATIONS FOR WELDING OF STRUCTURAL STEEL
HiGHwWAY BRIDGES-

ALL WELDING SHALL BE BY WELDERS HOLDING CURRENT VALID CERTIFI-
CATES AND HAVING CURRENT EXPERIENCE IN THE WELD CALLED FOR-

WELDING RODS ARE TO BE LOW HYDROGEN TYPE.

REINFORCING STEEL SHALL NOT BE WELDED-.

SUPPLEMENTARY NOTES:

PROVIDE ALL TEMPORARY BRACING, SHORING, GUYING OR OTHER MEANS TO
AVOID EXCESSIVE STRESSES AND TO HOLD STRUCTURAL ELEMENTS IN PLACE
DURING CONSTRUCTION. ESTABLISH AND VERIFY ALL, OPENINGS AND
INSERTS PRIOR TO CONSTRUCTION-

COST OF ADDITIONAL FIELD AND OFFICE WORK NECESSITATED BY REQUEST
BY CONTRACTOR FOR AN OPTION OR DUE TO ERRORS OR OMISSIONS IN CON-
STRUCTION SHALL BE BORNE BY THE CONTRACTOR. OPTIONS ARE FOR
CONTRACTOR'S CONVENIENCE- HE SHALL BE RESPONSIBLE FOR ALL
CHANGES NECESSARY IF HE CHOOSES AN OPTION AND HE SHALL COORDINATE
ALL DETAILS-.

ANY ENGINEERING DESIGN PROVIDED BY OTHERS AND SUBMITTED FOR
REVIEW SHALL BEAR THE SEAL OF AN ENGINEER REGISTERED IN ARIZONA.

CONTRACTOR SHALL VERIFY IN FIELD ALL EXISTING CONDITIONS SHOWN ON
DRAWINGS-

CoST FOR INCIDENTAL ITEMS, NOT SPECIFICALLY COVERED OTHERWISE,
SHALL BE INCLUDED IN THE UNIT PRICE FOR THE SUBJECT BID ITEM-.

CONSTRUCTION PHASING:

CONSTRUCTION OF THE NEW BRIDGE SHALL BE PHASED IN SUCH A MANNER
AS TO MAINTAIN TWO~-WAY PUBLIC TRAFFIC AT ALL TIME WITHOUT CAUSING
UNDUE OR UNREASONABLE DELAYS OR INCONVENIENCE. THE CONTRACTOR
SHALL SUBMIT TO THE ENGINEER FOR APPROVAL AT LEAST 10 DAYS PRIOR
TO BEGINNING OF CONSTRUCTION HIS SEQUENCE OF CONSTRUCTION AND
MAINTENANCE OF TRAFFIC PLAN-




FOUNDAT IONS:

GEOTECHNICAL INVESTIGATION WAS PERFORMED BY SPEEDIE  AND
AssOCIATES, PHOENIX, ARIZONA-.

éhkvgrﬂJNDATIONS ARE SPREAD FOOTINGS BEARING ON EXISTING SANDY

LATERAL EARTH PRESSURES ARE BASED ON AN EQUIVALENT FLUID PRESSURE
ofF 50 PCF FOR THE ACTIVE CASE AND 400 PCF FOR THE PASSIVE CASE-.

EXCAVATIONS FOR FOUNDATIONS SHALL BE INSPECTED BY A GEOTECHNICAL
ENGINEER TO VERIFY ASSUMED ALLOWABLE SOIL BEARING AND LOW SETTLE-
MENT AND SWELL POTENTIAL, AND TO MAKE ANY ADDITIONAL RECOMMENDA-
TIONS-.

STRUCTURAL EXCAVATION AND STRUCTURAL BACKFILL:

STRUCTURAL EXCAVATION AND BACKFILL SHALL CONFORM TO THE APPLI-
CABLE SECTIONS OF THE CONSTRUCTION SPECIFICATIONS INCLUDING BUT
NOT NECESSARILY LIMITED TOo SecTion 206.




Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Jobo B/ 23C 42 35+4 Aee.  ApC

Description NeO g,e mge

Tucson 602 327-3413
PlrJnoenix 602 275-5400 Calculated by__/SL-C Date _ L3 Nev &G sheerno_ 2=
Checked by &2, 6/4/ Date é/VEC /‘I’L of
” N
N
= g
‘I
< b4
a\\ 4)V
N
3% A
) |
4&=17'-3c"
L > 4.3
35714 Ave Z /yca c
; Coa 22705,39
. ' e , i
\F - 6815 —19"
L) -
o
<R
’
5 O~
e T
ly
~
Y
.l
o
Q <
B ’7COC
~ o
u & 2 //0"  chayne/ wircl#h
Vi ==l A
¥ 0 Pl KW
Q




Greiner

Job B/ 230 a2 35 Se ADC

Greiner Engineering Description /‘/q,) gﬁ'(ﬂ& <
Engineering Sciences, Inc.
Tuc 602 327-3413
p:ozcé?x 602 275-5400 Calculated by_/E £ < Date LINew &4 SheetNo.__=.
Checked by &G. G. /7/ Date _F LE< S+ of

/4

che. 2 A Beseine
Y 68—34- +4 W
A g8 23 =75 W
/37 o7 - 53

L
77 >

A, Nec® <z33’-55.5 w/

N e —33— 335

+ N o B3 = 2|
63° —27 ' =20.5"
= é9.45’6 i e

\“\\ E

Chamne!  wilth = [0 /ar’//aar/c//w/cr- 4+  /shpc ¢

//e ir k. .
4 S/ L. 6 - //7, 4 7 Atony csH Q

S/@/Q S‘/mﬂ /¢ny~/4 = “z. 5/2\ = 58 7 £ ¢

Sa;j SP -0 ¢ A & 6/37/

AS;wuiy LCUAC  prsteemce  Fresy
8 prer “o e 87y e =05 €
o~ chantel o £ Sry At




b B/230 4% YA Ava A C

m_.m__.am_. . M_‘.mim_. m:_m,:mm::m Description A2 BRiupe &
m:D_—.._mm—._:Q ciences, Inc.
T 602 327-3413
_unmwwﬂ_x 602 mwm.mhoo Calculated by A< - Date xMA\o(% ﬁ‘ SheetNo.__ %
m' Checked by Nﬂ@‘ \r\ Date FLE P(\Iﬁ of
3
R
R
3
3
Nl
A
3

-‘g\
L
e

A
™
+ wafer

a3’

puUet + cedble

PP

¥
A4
~— Cs7 €

29-3"
Wi
R LS
e /'-Zy/of'lL
32 pif

,3
4
4
$
M C -b
Q >
3 3 N
S - N
A + K
e .
2 Siy) T3
. ) E
5 -
< s

P77 erFre s




b 5/230 ¢ BT+ Pee APAloc

GreiHEf Greiner Engineering P,
Engineenng Sciences, inc.
Tucson 602 327-3413 p—
Phoenix 602 275-5400 Calculated by /2L Date [/ F* Mev 3‘}’- SheetNo.__ =2
G Checked by &, (7/7 Date i/(},’\-?:-fl:% of
7rr v e ™ pE Zr é/ﬁ_pg@ @ ZESO o B 24 -0
3 [} ]
with A= TE cverhanys
S+ /e
iy Slab Hhickness €= 3o = o,542 " ABSHTL & 3.2
¢ 7 8’-33 +7c ! Y%
s = 7 &3 ,és-" 3 = &, 594 (1) = 713
o
2
& _/_795 T Q//zpc‘/&
LEsin  Leaps
pE,C)D LeAD
NoN = Cerrppss e
- = BGeC 1n sl
TIPE L GI/rpDER M//44, (c.r5¢) = O.583 fL+-
L 74
7Z Slab “7. ( 7.83) o, /5¢ = S. 73 4 T
2 haumch 272 (% )o. 5o = c. 933 .
=
Ll B /oé%/a/pfg_
. s
STIOSPAN oI Rp/ 4G r7 2 (* 254057_/ raq (e.38)S /. T7¢ /C/p/ﬁ,o. i
@
e )




Job B3 LT 325+ Aee ACDC

Gmlner Greiner Engineering Beseription
i § ien 3
Engineering  Sciences nc
Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by _ &L C Date /2 Nev 3'?' SheetNo.__ &
O Checked by <2 é— il Date '//’:i 14 "'/ of
Lreap  Losn
"’c,cm/x :/‘fe
2 .
SIDEWAL I 72 (5,3‘0))\(0./3‘0) = /.23 & fAF
357 —
PrAPeT Peq (ane ) @r5eC2) = 0.675
PALLIN 75 Pl e L2 ) = o, /00
STEDIBN 27, (16 ) o, 15c) z ). Foc
(2 -
WATEN 11 AR daias T < 0. /12 ©
. 32-p bt
£srec, v Ceo 3 ., 032
,25}9& N =
WS 7v0e (&6 ) s e o <

AASH T

3,23. 2, 3./

51//3“/&1% B0 ref s s

L/l/{ Z‘“’/"40
#S 20~ 44

s
L= v

:0'47 fe—E+ A/n/or '

d
A a2
7/ J/(',//a/« r £3,23,2.27

LAre Ay 7833
Airder = 771 = 70
4
LAnC O 640 pF &
lsa." \ng*t &k
" JRVC A e i L

e 1=

%AM‘L

/FWQ

=




jop S/ X304 2 s3+4 e pcoc

Gﬁ!ﬂEf Grginer Engineering g
Eﬂgineering Sciences, Inc.
:’;2:,-sz 660022 322775--35441030 Calculated by___ /&< Date /2 Nev f’?" SheetNo.__ 2
Checked by G. G, ,,Z/ Date o Pev Z4- of
DESCGAD Grepsn A5 A = wpole  SPAN BEA
WAl A IIAXIArUAr AL wAfLe  TOmsiesn o /¥ =
/% VPp‘:jQ‘/ﬁ y/rC/-"r AS A 2~ SpAA/ Cj—‘ﬂv‘/nuOUS
BPArr  wit bl 4 SAXrTUST  Aosrsscer o + 3/Fe =
_g/mp le  Beprr [Teprents
Jo
yFerrm  LeAp TIITITTIT
/= —x (€x ) 2
. X [P
G /00/”4 Lenp @ 1105 pand y L
C ¥
P 4
- =4
A x ¢ %4
X (€-Xx)
< Z
/Z/I ‘[/W»«c (=4 /
L X 7.'14 2-X }




Job_ $723c 42— 35¢4 Ave  fACOC

Greiner Greiner Engineering s
Englneenng Sciences, Inc.
T 602 327-3413
p:‘éii'.l 602 275-5400 Calculated by_f2L£ < Date /3 New & sheeino &

7 = :
]
S [r= JY

/ K
O Checked by 6 G: /7 Date _/ _#

4

ot

% x b mzs Ve Vs et |l %
e (er) | (er—k) | (Frt) Fr—tc fae| Frt [ane| (m7—K)
.0 15 = - 4 S - = svppert
0.2 /.8 | 386 /3 / 245,34 348, | 494
? Shd | axd EX 2w /3¢ 772.0% Za2a2.2 yoo
0.5 | a5 G/3 RO 5 762.0 N 344.© | 708 sy Adt
22710 S pA~o
.6 35. 4 F&5 /36 ZZ3. (. M Sar A oo
o8 472 366 /3 1 595.3 M 34&. 49 4
252 3.0 < © - v - suppert

r\q S/MP/Q 5 SAre  Jerr et




Job_ 3712 T 42

357 flee  ACOc

Gl‘&iﬁer Grc_ainer Engineering Doserinilon
Eﬂgiﬂ&@ﬂﬂg Sciences, Inc.
;:chr):x E560022 32277;54410:2) Calculated by IQLC— Date /I Men 5/4" Sheet No -9
Checked by . G, {1 Date ”‘ //'1'5'- ':‘{/' of

2 =Spapr Cer Frirvees ) Temarts

/C}/5C fu‘/- Ne

~

'A P
| (Y-
T

2

_ﬂl
s J

5% 4
ge'’

ﬂiﬂﬂ /9/70 ~Ased CC/-r/;a_slvl(
Sppplre spr- L= 53

Sre

/Oj:.

S

LxEro Aoﬂa - C‘,crrch/WLQ

<

2J,. T O. 47 ko4

Liyve Llenp

32 —44

Z
LOF = 5, 7 B

Q.272

v
eE~S /\79”‘”1‘.: )_giﬂnlt.sl cmel SCEATrer s
7 /06

fer

L=ee’

i
v

Cesrtonvens A hwrr Brioges’

Traces A2.0




(:

! 4{ A e 22{(:%‘9157 /’75;42‘>1/7f}?///22;94/42—».
& ¥ — =
serac| /7o, 7 ArcA PT /7‘: —Area r 17ei
X X nrecp | Cx WLt ccefS. coef. C 4‘1%5;f“‘£,1‘ Ceet4 coeFF CHew, wyt
L (=) ccek +PT = PL +P e Pri(
o © - & o © & & & e
a.20 /a2 O oS30 93 c.0675 |o. 1504 3?¢8 —w.or25  |-2,0/52 ~2%o0
0., %o R4 C.oxo //8 O, 0250 o. 20694 MZ— —©.c2350 —c,c394 — 99
O 50 3c’ O.0625 JO6 ©,c938 0. 2¢3 7 435 -c.03/3 —©. o ¢4§C — /A 4L
o.¢co | 3¢/ O.od4350 76 o.- 525 0, /829 327 —-0,0375 | -o,057¢ —/F 7
0.80| 4&° |-c.prce| —-34 o.¢300 |o 1o2¢ /&0 ~C.e>cc |-c.o7cy | </
z.0 éo’ |-or250 | —a1a | & o < —0. 159 |—c.exwo(2) g5 ¥
: JRruck  sonp  [Terronts Lhpne (18 X Ctnler
E N 3 & * ] = -
£ P +P7 | 4P e P P LR /. 1 7
© & < & i < x4 - % = e
c.2o| ,2 0.73504 | 0,093 | oc.0a94| 49¢ V¥ [_o.0192 442 1
o.do| xa 0. 2064 |0, /092 |0.c63> 646/4 ~0, 0384 95 |
50 4
c- > 2o ©.203) |0,102¢ |0.03/ 63) T |-ocaso S7a0
o.60 36 o 1824 | p.0994 |o.0027| 57) ¥|l-cosre|~0.ca73|-c,c374 —-7\)9/7‘ 57 158 |
il N 0.2 4 [0.0637/ |0, 0075 | 72l V¥ |-c,ores|-0.0630|-c,ca38 -251 *| 944 | 264
/@ 6 & i xil —0.0960 |~c.c708 |-c.o623| —3 6> &~ 448

Aq payosyDd

=
>/

jo

Sy Z) St

uoson}

00¥S-G/2 209 XIudoyd

€Lve-/L2E 209

Ag paienojen

ON 1894S

of

3
3,

Uil

butisaubu

*ouj ‘s8oualog

Buussuibug Jsuisiy

uonduosaq

2 poce (S 9

anff u+sSe

>ax/




Job_ 27 A3C 42 35ty fp ADc

Gminer Greiner Engineering

2 3 . Description
Enganee"ng Sciences, Inc.
Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by /2 LE Date 2EMen &= sheetno #1
iy, L) S & A
‘ Checked by é G K Date ':"/V £-cT of .0
Q
T
J
~N
Y y
g N
e
J ~
< 5§53 358

( S —
ar "// L
356 N * NFE3
< S 3806
N| §~t) 35
IR e )
LQ (§ \ 2.. /Jl*f
Qu } ‘} T 3 N
2 58 \
' y
<Ly
V{4 Ab(}?‘)?]aﬂ'f \’ \
L | i
lyve Leap !
VG,
2L —SpA Cen Fnveoc
-0 —




Greiner
Engineering

Greiner Engineering
Sciences, Inc.

@

Tucson 602 327-3413
Phoenix 602 275-5400

Job 3/ 2.30 41—

REFy Aue AL

Description G /fC/" [

Calculated by /e/_C, Date /&-Mew &4 sheetno L2
— iy

Checked by = 6- ﬁ Date _=~ Les ¢ F of

S:‘C‘//oxt) /0 2Cper #/e55

/‘/0 n - CC/\;:,OQJ‘ /'7‘@-' —SEC‘?L/G )

FCI ﬁé;ﬁm Py p Roc i > PS- 2753

Tywe I Grrpsr
Ax = zz0 ;™
n T = /25 3% m* -
VMo = 20.27 -
Vit = 45-2027 = 24.73 10
(‘ —
\!- ' _ £ /25 39¢
‘% N /§.b: G 27 C/86 in> il
e ;— 12535¢ ~ " il
7 S NE = F4.73 = 5070 n




Greiner
Engineering
Tucson 602 327-3413 Calculated by /ZLC_

35+h Aue  ACDC

Job 5723042

Greiner Engineering . Dihition

Sciences, Inc.
Date /2 Mev &4  SheetNo _43_

Phoenix 602 275-5400
Date & #E5& £ of

L,

Checked by

<)

CON,cmn‘e Seeilaied P 722 pore <3

*

[,9_&. Loy &/o‘/j

EFFECTIvE 70/9 J~~ANGE oI OTH
;, (74
% = ) =y
b = Least o e & Liatz.s) : SC 7 & Combrels
S = 783 (i) - ST
o Fr EFFA A Wioth o T

AQCoun'/ 7&,.,, ccsr cret-e

Sta p feo= 4ece Pt E:':‘ 57 J4coe = 3603  fs

G 1RV ‘J"\c = Svoc Y <
4 3g05 P
A= Feps = "°Cgs0= 0 g55
® |
b = Kb = o &550(5) = Fo. 55 4 ~

el SAunch iCc/;;ern‘, ve 7

/SFSS um e
PR oprtes

#f S.Dc—f’Cp(




Job_S7/232 42 ISTh Ace fcboc

Gminer Greiner Engineering
: Description
Engineering Sciences, Inc.
Tu n 602 327-3413
Phgse(r)ux 602 275-5400 Calchlategiy. ELL— : Date / ”‘fw &% SheetNo L4
| @ Checked by < Q. /L/ Date LYse X~ of
oj =
A YA Adb ila C/ /9
/ -
Seps 72 (soss) | @041 | 4875 | 29,45 2532 | 1370 | /3,369
(1ROEN %¢0 .0 202751 At 251|123 320 /478 |lr22,33)
Z /! 64,/ go,802  ||A&, 222 2B, 713
a2 /2.8 ,222
- I - 343’ 94_ / I 4-
—_—
! N o

n
Ay

U]
S

W

NS

(\\}

3

()

\




Job_3723c 42 3574 Ave  Acoc

Gm!ner Greiner Engineering i e
Engineering Sciences, Inc.
Tu n 602 327-3413 -
th:ux 602 275-54100 Calcuiated by 72 L'C, pate _ /2 Nev E4 sneerno 45
@ Creckecty 2. G. 4/ pate L LELT of
Type _Strmo Fhrreer
B Iy B /-—' cGe
\__/fce’j
. /038 g
—— , -
ey g6 e 2457 5 v
Sa i
(@O el =L g Moe 2 637 i
—— , - ~
2L @ G’/L = 13 \ /70":;-/7“_: 265+700 =943 Lo
ype /6
g5 9rE & e
G RC27= W= 6.5 m

A SScme F,f.= O35 e = /35 fesy

LCS5e =

| é ¢ Stroamel b

= 135k (G.153,m% 54) 22> 454,45

CClherc7s SPrresses

P = 1% > Vet
//'} e i - T< = ‘;;
R LU + (651 t30 0 #/C 83 psy
+/ | + :
_pBer +&110 # /1212 —//§ —/0 55 —224 py
/
L
A. = l)\//x/ = =3 ‘j::l <-¢ LA e /
\ L ke

1083 pss L ola §l = 200°.:,




. Job_S 7230 42" 3544 e  Acoc
Gmlner Greiner Engineering

Engineer iﬂg Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by__/24C Date LI New 4 sheet No.é@_

e A 2f e i
@ Checked by =7 =7 7 Date _/ # . of

aAL (&) /ﬂ T /912 ESTrPESS [eosciSS

Description

S7zess  rRELIEVED ST7RAND
Lok -
<& 270 ksi Fiorce Aps= ©./531m ™

i
| SR TENSeMEL T ., 70 )cpu = )& ks after

r Archor  set
| NoN = cooppesife Q_o_,q/;osfﬁe

Sectice )arc/)v/ ) Freg ;ec‘/ra»t /0/7;,-,-/, -t

= 2 ' oo
/qx = SéO0u, A)( = J7 6%/ T il
‘ L = /25, 350 % L = 363,3¢! mn* &«
‘ -Cib = ARO,. A7 n :9} = 35, f:?h N

2= $E3 /).ﬂ—

S T7re4ND PATTErn
—2“2; SHcewels

® £nps €= [6.50 sn ol it
@ 2&’3 QF‘: 7.2 n —
ﬂe’)c/chLan PEnT @ & L™ Lriaes
W?/c/;/)x)v
- 3Cc)¢ = Jooopsy $e = Spoe Pt
Lee= 3640 ks Fe T 4C30 fess

’ %/Jw"{abe -9{770 = 4—.06 Zr




Greiner Greiner Engineering
Engineering  Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by /@I—C— Date 20 Mev SF ~ SheetNo._{ Z
- B ; / ~//
P / 71/

— - L [ Ll
@ Checkedby =/ 7+ pate T &5C 25 of

ReF:  AASHTC sec D./6.2

Description

Job5/230¢ 2 354k A< AcoC
|
\

7&77’& LeSs AJ‘(: 5}/ 7"ES f'C/ec '("C’?s
K Sqeue LiFe

8 7R INAACHE

SH = /7000 =750 % RH

EH = rpecaTne  SRrTienT st /6.2, ¢ Py %
= 4o

SH = 7000 — /50 (@) //J coC psi

@

L: LA sTrc =Y /9@(72’,\//;\//7

Es
f_s - EC" J¢l/‘

/_:5= 28 x/&‘ Ps’

o 3 , g - ¢ i
Lee = 33 2t /o, = 23(195 L)/“oa = 3. 6%*%w Pst

/700 pos  Ho Giryorn selF L+ . @ 1705p A~
e B_ 0.553(59Y) _ ATk
2’ = 593 ef 40= “F = 254
" ASsume £, = O3 Sn AT Hre

ot= 2200./53) y2.7 = 572 ¢ <

I

(b

B, B es Mot €ps
g, AV M L e

_ s72.¢ Crot) Sp.6(163) g . 50> 254C ) 2c0¢) 15,50
. /560 * %>‘390 . 43390




. Job_ 2/ 2304 3544 flee ACDC
GI‘E!"EI’ Greiner Engineering e
Enganeenng Sciences, Inc.
Tu n 602 327-3
Proeniiiioz 2755400 Calcuiated by_/Ce & Date ACNeov &% sheetno _L 8
[ (= L // .// /:f i gt
q Checked by~ =7, [/ Date 7 &= - i of
jcm = /P22 .7 /ag3~ ol - /S F psy .
~ =& (/o °¢) )
LS5 R e4(/0°) |56+ = 14,340 sy K
ﬁe&p o + ch/uc/?arz:
CL. = [2Fer —7 Feds e
Moe Epr S0y En
Sl = % T
~Me (/,3)“—0.5&*3)5?1 /,7¢ (530 /—he
/7l . “ % = 30 g
o B o o AR YA I ey *
d : C
Al #8 25 T
QPJ‘ 35,03— %2\1 3/’19/_'_' /
7 =363 vg/ -
3ec(rrcee) /e.FJo - Rc3(rooe )3/, 28
%A T 725350 * )3 3c394
/i/
= 568 -+ ;L/l = 7 &80 PSSt
Ch.= 12 (g6e)~ 7 G&0d = Jo  9/0 ps; =
-@




o2/ 230£2 _357% He Aclc

Gm!ner Greiner Engineering D riion
Engineering Sciences, Inc.
T 602 327-3413
pﬁfﬁ.ﬂx 602 275-5400 Calculated by_/S L Date _2EMev 8’ 7' sheetNo.d Z
O Checked by = /-,7‘ Date T &7 5/7' of
sz oxprrers oF  Pecstwcsscing Lteel
CES = 2c,0cc0 —C. . 4L£S —O,2(sH +CE<_)
= o coo —0-4(14340) -0 (//a&o +/63/¢ )
= 5650 />$/ l‘/
TeHAe Losses @ 5‘/‘1// e L,F&
A% = s/0ce * /4340 “/6910 + 56 ke = 5¢, 930 pss

® A 4

=sH e Yool Tetn)  Less (@ PlLiAse

Ad&c = O /o SH + £S5 + o0:50Ck
= o,r0(/coe) *+/F3¢c +0,T(6’68'0) = /9,780 s/
/0.5 %
.ok

{;e_ = JEI~-BL, 985 > JIB,pH7 ki

& 3
5 5 = ©./53,mr138.07) = 2112 e

r\. g&;* /8§D ~y9.762 = /6. A2 jfesy

o = 0.5 Cdan ) = 2585 £ e =




Job_ ol 23042 3SSH HAee L C

Gl'einer Greiner Engineering
Engineergng Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by___/2&C Dae _2ONev §4  speaing 2D

Description

> ff e

J off Do
Cs T if / )
Checked by = 7 Date _/ // e L of
(’. e
\,

G’ MEck @&Nce ETE L Tho s S

@ Spgpvics LeAp

@  /[TrpspAsd

@;: a2 (9.r53))38.07 = 464, don
s = /6.350 4n

S/ /e 2 =SPA~N
~ve ALy 7 =
/7 613" 585
/_7 4 . -
i 205 /&

®

/et 583 —
A i o y
*331’?\'"3 \ voe
72,0 + &30 \ F30° + /o ¢8 Ps! L A9Ps)

?

+ =
Re7 +820 -/1682 /74 ps,
5 £
Sprfe  sppv @ C  <pm 22,34
/
‘__-_17'40" -
ZF +230 -/5/ % +/38>/‘ \‘Y'nj 7 '*934",/"?,
+ =
‘.scr +83° =/ 235 ~8 a. e PV
= -Sprn Con +pmrveews @ ©o.4cL

.o Ok




Job F/AR3042 3544 _Ave D
Greiner Grginer Engineering besbcn
Enggneeﬁng Sciences, Inc.
Tucson 602 327-3413 M S Y Date _RONev &~ Sree No Rk s

Phoenix 602 275-5400

/ ¥/
Dee 74

——
Date >

Checked by 6 G ’I/

Af

/4
@

(@ reLense

@ D —ewwrrt

e; ZACoATR) 76923 2. wBG3 o B
e = /6. 59 ,a o : e
~c -,@,&,’/7: Ov)gé Ll = = —h_
/‘_701_ = e (:3.;) (}5—23.>)< 243
57 Vet
i s -26 2R Z o
e _tel7 o Bkl ; e
i ; :
7 rrerr -47/ +2663ps) L2400
— it

Bo7

03 LES 5.0

vsg 7 /o stee/
REQOUCS S traee()

/

o
@ E géaf‘my
o= 562 6 =
e= zza T
Tep AL : -<& /!
.ZL
- — _’
By +/c/7 +66>

+2ac6 F;/

]|

Fe 82 54




oo 21230 42 35+h e  AcDc

Greiner Greiner Engineering B
Engineering Sciences, Inc. o

Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by /2 < pate PP E4—  sheetno 2l A

S e LA
. Checked by C“‘J /','% Date ZC;:,\.. A &

@ M spec en AN AOprTFron A GES/ Pregraer ,CQCC;.DJ" Rer s
.2 YRy straro /DA‘H"I"A/S will 2Pl pesu/¥  n
TENsica) AT FHe  Fep oF Hhe  G/ROER  pF Fhe

Hee) — podAds AT RPELEASE
|
| LrSsrs7 SXCess SENS/LE S ZPPEScoS R USIN G PILD
cree/ LAapswro  2./5.2. Ll - fae

_Pe ”i‘ﬁﬂ"f v A —
P "o e o i3 T =he

S8, 6 Cleoe) = e
& : /550 +[’bé?-é Creee)) .52 + 243(1acec) +/7r (/Moa)%¢7a=o

L ; »-~4;1'—/i/( '\1;7""?) ’ e
. Se7e Fr—ate_ =
.2/%/=[O—/a/7v‘ /854 - 575 3 Fnee= yyr T 7

CRALE O et = J; > Z2p¢cc psy
Fie = doco = = Sec = /620 sy

=z 25C/e0%) 5 4
7= /:c = 4(/4? ‘),/4005 = 7,96 Seey & 5

[ :
/b i —a 17 $gha) .30
J =lF % 5 o080 v

/7116
- /45': < % J /

3
d=45- 23 = 42.%¢

= 7rCracee
q A-S )/&C"/Ooc <0—97C)42‘50 = /.50 //7L =

vl & # S A LB em




Job 2 /A30 &2 3044 S AOC

Gminer Greiner Engineering C T
Engineering Sciences, Inc.
Tucson 602 327-3413

Phoenix 602 275-5400 Calculated by __ & &< bate Flee 8 sneeino NG

p i W im = 2
/. Checked by <=7+ ~=. '/ Date= 2k 2 T of

ﬂL'?L”r/yaZVc
T r g~ T—wire s7reacls
.QPS = 42")‘_ 2.6.27 = 22,23 ;0 /
P Pe
2lelmt ERNT .

/75_50'77/'37 G SR itel Llesc
296
ks Ao e R 27973 sk
or /N 734 Sa.\\) /%00'5 8/5‘7‘/’&'4&( -

yse £ - '35/2"¢, cor /avry:r T yre  SHraeel
sFressocal o /A eoe . etach




o0 Tr230 9 T 3574 v ACDC

Grﬁéner Greiner Engineering
Engineering Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by /€L & Date A& Mer ¥4 sheetNo. =

Description

P, A 1/ /, N 7,
(‘ Checked by___ ~#» -+ 7 Date 4 L=z /'7‘- of

-g//lrf)/g ‘S})Aa./
F/’é’t’ ;7”'QJMS
© ;‘f/l(.p ZCA'Q

+ /0658

+68

C o ) LBt Serr FFbere

*




{ .

‘e

" Joo 3123092~ 25 Aoe BELC
Gm!ner Greiner Engineering it ot
Englneerang Sciences, Inc.
T 6 27-3413
P:gfe?:x (3022 3275~5441OO Calculated by reL L Date Qané"/—- Sheet No E_
Checked by 6' C: ,'('./ Date +’ < ’/’f‘ of
C #eck 2exvrefe  STREAGTH E ol Z ,7
_ Ax
e S
. : -
é = 0.5 5 & T
S = 4£547% = 20,47 #6.5¢

/4,as= 22 (c,,53) 2366 .m™

2.36¢ N 2
/?0.33(49.73); . 000857

P

§ku (/ -0.5 C()ﬁ)

) Pos Tre y -

&) = -
* - —
£ 2 o0 (/- 0.500.0463)) = 263 75 s,
.
s Sops 3&77% L O.ooc&57>'(163-75)/5_ "
/4O = 14 (se7300.ce52 = 305’7 =«
Ve RECT AN vlr 2

= ﬂ—mwchd NQ_= Apj ;;td(/' 0663)

4873~
/

o.coc 8—5‘73’(2%)/

.

T = Qo463 #4

/

/o
7%

345(‘%/&'/0

2.306(2¢3.75) 487> (/-o.e(o. a4;z))ﬁg

s O 7

Fr—ik
fzecw veo

/




Job 37220 ¢

3544 Qe SACPC

Gmﬁner Greiner Engineering .
i § Sciences, Inc. S
Engineering :
Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by 2L<
Checked by é C’- /4/

Date w/‘/“r'/é'j" Sheet No. 29—

;
I /
ot [ i AL

Date _/ & g

ol o

@

e

foEC Ve

ICRL XYY

1258 2 oo+ %5 Enz)]

=/'3[6/3+,2o_)’ # %(708)] =

Do) Feorr Svee [/

AN

/7u, /X S7er

£r=

2 39x T2 35807

So=ngi P o
5
Lt 464.7(/00%60 . #e4.7(1cce) /6.5 AL /7cr Iwﬂ@%j&g
oy /e = £829.&’7‘ /2355 #530] /03&3//2000
LB S
/2 J7%e 2 2699}#—/( 2 3507 , s ok& -

.. o0k e

S3 0 s/




b S /230492 35 Aue ADC

Jo

Gmiﬁer ; grginer Enlgineering & o
Englneergng ciences, Inc.
T 2 < -
P:-gfai?x 66002 32272?;41013 Calculated by recce Date 2 AMerv &4' Sheet No._2-2
> 4 - y T —
Checked by <. C"_ /‘IJ it 2 & £ - o

&4/15//70 .9.41.3]
AR Z % f

4
=4//w(569.é')= 28 78 Ao i

8 _ 227y
/{ & Eys - /ic) s // 4’ /” hig /#7 %.
m

of= 45-2027 +722,= 3,95

Y= 7994 7

“Dasnpo of Frestressoat Cometote Srvevctures” 3rel £p

L/~
TN Lyer ,NH Bestas pP &4 ]
T
At: oc.oz/ 51_ lee = geowrncel TJeres AnneA ode r-/lffty))

AF  Ahe Snel ot Mhe Grre/e r
07174:/,,7{) a//J‘/r//o—/-oo{ e~ A
Lonyh Fovpe o h/; = P

= EFFTF e e-esFres < *A/ce AT SRl LuE A
= Zpoipds =
o . s >l
/é-e; ARPrSA 2  Lasnt 4 oF srrine = 5. = 2> ,n
- 2¢€>6 43 _
/~)t— cg.c21 T35 ¢ 25 = L8 ™ =0
— //
LSE  a 1975 = 4 SH1rrep A= La4% 0%

féz ce 6—= 4 @ 9 & ,z-‘A/c/a_;//fj Lo+ Hem /Orzfrfm.w” ” ( EACA cAp)/

-

/




Job_ S /23842

3354  Ave

Acpc

Greiner

Greiner Engineering

Description

Sciences, Inc.

Engineering

Tucson 602 327-3413

Phoenix 602 275-5400 Calculated by__ 2L C

o= 1/
Checked b\é (il

Date -

Date _ e My EF- SheetNo._Z &
™ ‘// )

 YEI LT of

ﬁﬁFMc*mN /C_'4,y,85@
. | &)
@  RELEASE.
DuE 72 BEAIT  SELF - WE/IGHT
ging _ Seomet
Am_ i /384—52I @ rrO=SPAN
2= $& 3 pff - 4&58 pLc
- 1 A
Lo =L 33 (145 )/4000 = 3.6+ xrso0  psy
Q._ T = J2A5, 3P0 u &
L= 532 g 4 G}
Benor 5C45.5¢) o8 % '
* 4, )7 e (36a)sCras3e) = O 3ag P b
_PuEs T PRE SHERESSING
C§C>
<
£ VAP TRY: 4 |
A,Qs ‘351[”1"/"/‘3(7)‘7 I gk ' A
= _ ' I TR
/7/ 0} Fy, /7L- /_\\)Z “
. £= 208 m
) ez (45 -4) = 282" -




Job_ B /R3O g2 3 S5+4 Pue peoe

G[’QI!]EI‘ ) grfeiner Enlgineering et
Englneenng ciences, Inc.
gzgse?w?x 66(2)22 322775.-35441030 Calculated by ﬂ"“- Date zﬂ)/avé 4’ Sheet No i

ot g

q Checked by__ =7+ &7 7 Date / L < = of

262 xpps)

M

Z = s e

Y, 3 se5o -7 = 25 ¥

y)_: 7.22 1»n v

/7, = 5696 (328 )= 52858988 o 7

v

/s 5626 (722) = &,)/2,572 ,#~/b

z —
_ 7o& o iy 5285888 / 2.(28R)\?
4= & (3.6a)10° (12535¢ ) (4//& 52 + 5255805 - 3 - ) ]

= ap 1352V (3)

T7CTA—  CA78en @ ReLaEASE

Ar:-.. ~/ 133 + O, 34§ = - 0,76'7,'7 / (+>

Ho T
Dy o Ccrr,oc-_c )Fe -J&/opz,vr,
2= 734 433 = 767 p,0f = (332 plc Goy %D

M

s
&_)# 33 </¢>‘3‘“)/§W = g.07 xre’ psi

L = /25 3% /n‘*/ L= o542




Job B30 42 33‘)"/] ﬂch AclcC

Gmlner Greiner Engineering Dl
Engineenng Sciences, Inc.
T 602 327-3413
pﬁgicé.nx 602 275-544100 Caiculated by L& Date _2cAlev e & Sheetno =8

- / 74 g o /
. Gheckediby: 57 . G- 74/ Date /¥ =L £ of
“\

me  5(63.52 * (e8*)
Ah} )7o%€¢(f.c7) 0% C12533¢) T+ G dss /4&(4,c7) /o6 (12533

= o0.4/0 * ©.cz25 = ©0.43 d/ Q)
g v

A\

TOTAL  CArrBer AT E 2=ty
REF Y PO DeSisnh  Hanvgeck Py 327 , TrBLe 34/

SL
A e5(@.398) - s,8c(r135) 0,435

= =/.339 +to.e3% = —01964&/(0
Cunher @ ore chea N = /&

7

Use a4 2% HMponvew v’




S

Job_S723042 35+4 flve  ACDC

Gf&i!}er . Grginer Engineering A
Enganee"ng Sciences, Inc.
T 602 327-3413
P:(C)Z(r)w?x 602 275-5400 Calculated by /Zch Date _2e/New & 4 SheetNo. z=
. Checked by -é\_/,, el Date _& .: Ec & . of
3 e
4 \ Y @
A (:97;03) 0 ? 2 W
N\
o .
f_____— - @ < A
y N
-‘d 0 . . / N
+
] LoCATION L/  DEFLECTED
>( SHrAn0s A7 G BEARINA
#rae 20 —
(4Go1)
L Det lectecd — S+rerls
o 54r“aly}r'f Streesxcts ity oot
@ z” sk 9/;-//}:3
T\ _¢_ STraight sTramels  sieklocl
NE N
M~ »35 S'Lnra,’ . /A /_:l?c/ )2 /nc/;OJ
N b N o —
(56o/, 5602) x shraigpt  STropels  shyeked
i End 24 jxhes
° >< LOCAT7EA  of~
: DEFLECTED STprANDS AJ
¥ /77D SPAN
~\N
N
¢ne (tGor)
S o soo 3
A — ® o <
N
g N O o X offe ef|o XX o O —
N , . ~
o % o Xlle ®l¢ 0 o 9 ]
N
/ > N
. ’" . A /, ’0 ”"
AP a——a 2 spn @ 2= /-¢ ..A
Z3 " Cham for ) =0




LB

Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Job SI123042

Description

Caiculated by 2 <

Checked by

L=,

/"CL’e

&
/ Ceere




Job Bl D2 357% Ab‘e— AcPDc

Greiner Greiner Engineering L et 1
Engineeﬁng Sciences, Inc.
;ﬁZZi?x 660022 322775?5110:1) Calculated by /eLc Date 2l Mev &4 ., No._3_/_
(. Checked by <. éﬁ" Date & e 4 of
Co'r Frr 0k
S S

(44
RES p,_:s 6N o/~ @oA’ T7A Ceus #/ GH \ N [)9 r(OGES Yt &
/?ec’Oﬁsr' ) /szc—svlfcﬁxs co CA)QEE 7 @//ea Lsres

/
|
\

Sttt SRETRANA L Tormia,— A

/Z =£$‘4;é/qéce:-+t/2\)

f'; S DECk SLAB L LASTIC JTCOULp S
33 (/4;’35') VvV 4000 .6 A w0 © P/

( |I . /qb T SLAB T T crosSS ~Sgcternne ArRLA
= ,90(7.)‘) = &75 o A
Loy £ g

(8; # 12::) T distance  between  fhe el ~ofept b
oF  the sld cwel She centrecs
o f  Hhe Cemyo0 s/7e " seacren

) ot
A Ve © 5. sl
/7
.= sla b 441c ke vess =77

" 2
8“%33.))4--1: /3,705'

> 2
& = AFFEREATAC SHRNKkAGE  ST724IM
ASsvrre cenntinve ’zj Qesmmec Foer) prrcle a7

-l c/ﬁ,v_c AFTER PrRESITZRESS RELEASES

. 4o K it T

e

~

-




Job. 572304 35+ Aee AcDC

Gmlner Grginer Engineering i
Engineergng Sciences, Inc.
T 602 327-3413
pﬁf,f;i?x 602 275-5400 Calculated by____I2&& Date 24 Mev £4 SheetNo._> &
’ Checked by // *// ('/[/' Date L Lee. /// of
¢
1.0
Lt
0.9 ot
}O)Q;Par Fien of Fimne Shrinkace
0.8
s e o7 i
=g, 50 CFis. &) 3 |
é 0.6 K
$ os ' [
€ ?
Shrinkage Humidity Correction Factor = 04 i
£ |
0.3

1.2 ‘

i 0.2
1.0 : . /

' | f N 0.1
ks 7 : . 120 3y
" i

0.0
os / 3days 7 14 28 90 180 lyr. 2yr Syr

0.7 : Time
06 + / | | ‘
i /4

/]

- —t—

Fig. 8. Proportion of final shrinkage or creep vs. time

0.4

0.3 / T : ! ;
Pagh o I
(’ . i | | J[ 7 HW70rryr  CorrecTeen = //o T

i 0.1 : ] | .

et A SN

100 90 80 TO 60 50 40 30 20 10 9
Relative Humidity - Percent 83 = (O_ A 00 X/a-.g) o. 50 C’, /o)
Fig. 10. Shrinkage humidity correction .
factor £ v

= 3300 x/0

At #3300 ?) 264C10%) 675 (13:70)

1 =/)b 2 7T /
/. 705 x/0 = 9285 .7

Cﬂ"

L& AT END oF FHhe simp /e~ SPAN  bEAZS

ﬂ///y STy ENT A S Ao RETLHA) BENT pro  TT
A ererzenTr/ /posm‘/OI\_)




Job_2/23042 3544 Aee [ACOC

GI‘EénEf Greiner Engineering PR
Enggﬂeenng Sciences, Inc.
;?ZZ‘Q."X 6:52322775.-3;41030 Calculated by ﬂLC/ Date _2/ /VwJ’4' SheetNo__>—=
. Checked by ~/" G, H. pate 6 Lz £ of
i
\
y/:
7750 % )
_ gt b el 2
SLO/?L’ A7 B < 2L 3 !__' L _! /18
< p ) A 8
Rl et T
Set sppe  FGUnsc Fo  skpe due Ao ShrnfrGe
- /7L = Ll
/Bl er = iz er
2
o2 = i Rk
| 3 = F7—t
G e {(92).7) = = D o
-k
/385"
(&Q; SARINFCAG &
o # N7 Ap justecl Fe

CrREEp EF~c7x




Job /23042 3;’)‘& /9:/8 ACD(

Gf&i!}er : grginer Enlgineering Descrintion
Engineenng ciences, Inc.
T 02 327-
P:chr)w?x 66022 322775-35441030 Calculated by ~lLc Date Rl Mev ¥ sreeino 34

= e ) S
/,. Checkedby__ . 7+ /7. Date _& L €T of

LA LoAo C/:‘EEP Soprctrtiny [ Zeren
step®e 7
|

/70‘- N ‘Ld_;e/l
Sicps = /35.1' l\/%: =

A//Jp{y prervort Al B Ao pee~bom
Benrr  erl Yo peeszcatel

| s /Zf%f_z' = %L/JEI

| . /16’ :-/70

/I—& —he
@ BT T e
Sple  span  MON —Comp. ¢
x e W
G113
e &>(ﬁ A DPeno Leno Cesér

Ao refuweecy by

0/91)0 e#ﬂc'(’_(




& Job $~/2»§°4 = 3 5+4 /?ve /tcoc
Gf&ﬂﬂﬁf Greiner Engineering .
Engineering Sciences, Inc.
;ﬁi?;."x 660022 322775--35441030 Calculated by IZLC‘ Date 2/ Mev &4 sneetho = 5
Q Checked by &, G, # Date b /;'3-:'37’-”" of
710@557'/(;‘-"—9 Geeép s srretinn— SE7rag
(*Cﬁ/‘f/posﬁ‘e Neogtrel Awxs
A dL : ) 2" g
Tl s~ e L v
e. . gt P1.
Ll AL Lz IA A'
L <r'
'& 4
"{d Uﬂ‘
9V
7/ 1N . A L
L, = /2 4, = (59 )2 )% 23.50 / oK
ASsvme  sTress Leosses @ Time o‘ﬁ c»;;;;«ﬁ*mri = 207 £5¢
9C¢= 78S~ .00 C1&3) = /SLEZ fesy
F
& striwvos (©./33m Srr) )52 ks = /3 & pe
> e 40.5> ol -
— 2/
2, s ‘IEeve .E  Fz ¢ = ~3505 - Y -z
A @ 365 = 73
& A3/ <J,'-€,=3IS"—-/
P?x
e — k ,
/G stramds (0./53 > Hrr) IStz ags) = 3701 L
- g @ ,Z"'L a ) o~
B @ g > 34 €, 28805~ e F 30.55%F =dy
/¢ 56
b
C/3— C{/ 1QJL; 3;/’) /




Job_27/23C 42 357% Nuwe Aclc

Gminer Greiner Engineering

! - = Scien i Description
Engineering ces, Inc.
Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by__ /2Lt Date_RJ) Nevé o .no 36
(‘ Checked by g \/7/ ,'/‘7“/ Date _& ./:5'—'- /"/?‘L of
T /D d '3 ey 138.& ( 3 ;)
%' /A, = azscn) = A -

5‘.-:,99 LPUE o ,p?ESTfC oLy

L% ‘SLC/)&J a [RCIIL = P},Cj&L i %’Lll—/??L/ LLJ/ZEI

/
3 Fd L= /38.8(3.45)35%0(12)/

= /62, 5/6
|
| & dot = 370.1(3,55) 590 Crx )2 = -4,6/33 ,53¢6
| l b A
T AL < /1723 23,50 1)) 2 = - 685055

¢\~
WY

C.‘ LL, = /723 (2350 X/2) 1443 - — 3 45, 838
Z - 4,5958,557

Lp/$ seeps | ~ = 4,958,957 =L =

)

/7
“[% supe 17 “i5es {V

|
; ALy  resrent S B o Grw g beanm ercl Ao Jferreertey
|
|
|

A
BT B

/Tg= — 24 [BE Siepe | Slepe

|

= LS [-4sse0s3 52 ]//4’4-/"};,;,

] = - &
i g
/765

,. A A)LA 2 f'zé-<7/?é S.I/rzj

AT //lC/ac//nj P
offecty =N




Job_F1239F 2 35+h ﬁve AcDhc

Gminer Greiner Engineering Deserinon
Eﬂgineering Sciences, Inc.
T 602 327-3413 & PN
P:Zse?:x 602 275-5400 Calculated by____ IR LL 1 Date 2/_1 ’}:/cv /;f_" Sheet No
l Checked by 6 6/ // Date © ¥/ 5% ¢ 7L of
Creserp Lripe—  FActr
7 q
£ ot Y 1]
o e e ® i \\\ — Test results _|
e leste AMocly/us ot __§= \\\\\J : —_— Exf'ropolaﬁon
E ! :
Release P R VAR AN ,
3. NN
> N
s s i - ——
ce _? 6 P g 3 \ \ h 5\’10’3 uhd
i \\ \J'\/ eorr\érbﬂﬂ |
s Ye, .
SP.QCI‘{[L CI’p'P Ar ZOyrf '3 2 J ar \ u._--.—- S
— -6 1IN § \n 3Od , \\ P ——
= 0.47 x©c™ T sy 3 22 Undey 100 ==
pr s ——
0 O 02 03 04 05 06 07 08 09 1.0 1.1 1.2 1.3 1.4

Specific creep ¢ x10®in./in./psi
Fig. 5. Prediction of basic creep from elastic modulus

( > 20 s /¢O5 e o—{- /r95+f02$

ASsumm e
AT ! dAr
—~ X age = /&
1.5 \ |
2 Ap ustel  Ec2 o4 () 1.8
N
N\
N
05
0 IZAO
lday 3 T 14 28 90 180 Iyr

Age at loading, doys

Fig. 6. Creep vs. age at loading

O




Greiner

Engineering

@

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

oo B/2304%  35th Ave ACLC
Description
Calculated by rec Date 2/ Mo &9 Sheet No.

o e %/‘ :
Checked by~ =7, 7

of

Date Vi i’«": ‘4/4/—

1.8
1.7 Table 1. Creep data for AASHO-PCI |-beams
1.6 Creep
) \ volume/surface
g 1.5 AASHO-PCI Volume/surface ratio correction
=t \ girder ratio factor
‘3’ |4 type in. (from Fig. 7
- | 3.0 1.28
s I3 1 3.4 1.25
2 ! : 2
€ 12 e . )
8 T g v 4.4 118
e I.1 Vi 44 118
1 Efropean ___
A |5 cdrve —
0.90 I 2 3 4 5 6 T 8 9 10
Volume to surface ratio,in.
Fig. 7. Creep vs. volume-to-surface ratio
@ s, 25 ceefficrent For v“/_g raatie = 4.0 4. L
,"V N 5 i e
& = sac (0.7¢ xr™¢) = 0.886xs0™°% Tm sy
@ L£reckos Y2 A creep  fas cccorec ( Fly & )
Jer (///:y Ex~ p “ o cyr
~ & ¢ o 5c @.s6C %Yz o.da —é
o 4 ’ .86C. yrc . xX/¢ nsIn S psy
bt W - -
Z = % e Ea = 0.44C0%) 40301050 = [ 784
e




i : b Bl12304¢+ 35t /4‘/e AC‘DC
Gminer Greiner Engineering o

Engineeﬂng Sciences, Inc.
T 602 327-3413
P:gzcr)w?x 602 275-5400 Calculated by /2«[—(, Date 24 Nev "4’/ Sheet No &_
Checked by /,; & ,’j"f; Date 2 LET LT of
Restrgint Moment Creep Factors
1.0 B Ry
05 i (1-e7%)=c.e3
NER R iy Y
: C/;e—¢ = a7 “al
7z )= o

NN
L
58

0.5 7

e et T UUN— .

|
|
|
[
|
.f
|
I
|
!
i

0.4

0.3 / \\
/ I

0.2 /

0.1

/ 0 1. 789 ;

<I 0 [ 2 3 4 5
' ¢ €c/ea

Fig. 9. Variations in restraint moment creep effect factors for
both creep and shrinkage

Semmatieer 6L Lot mamt JSTerrant
Soe ~F

72 Ve = 2w X-e®) - (T )

:076;‘6/3)(0,63') ~/3<§9(0147) /

dn3oas £F 7




Job S 123042 3544 Aee AcDC

Gm!!}er _ grginer Enlgineering R
Engineenng ciences, Inc.
14 602 327-3413
pﬁiiaﬂx 602 275-5400 Calculated by b Date R/ Ve &% sheatnoe. 4E

/ - 71/
6'4’/ Dateéﬂs"“l‘%‘ of

! Checked by
’\ .

DPesiww oF #2514t /70/75/07- Clorrrpoctrcss

Fr—k
/‘7R = 3 o /(;/rek’r i
+ By r—# P4 e ,-—/<
Pl e R A R Ly e
ASSurke G rcde 6C oot L= 24 ey
: [ Dipphragm Dok Cenc.
;:.’ 2y 2y o= /4 fsy &

P 28 (l0%)
W}— J/£‘= /\7 /'4000’: 7‘77 Sa’j 8 /
/

N
1]

#
]
)

Q

W

o

g = L= é{g = 0894

£ 29 (c-&>3a )
o= e De = JLizs
<o / {_’l \/

= 4’7"7,;"3—L = 4>

s = N 3%7(49) = 34Cc. n" -

el 6 =7 Ass Gm*T —~
OB.S [“'7
= * 9 [ ] 9 Q [] Q L z
A - 2 4 vl
5 °* b°* 00 *P I o4
i? ‘NI “’[

c/: 45+ 7.5 —~3.275 = 4,;9.:2.3-"2 L




Greiner
Engineering

L

Job,

2230 42

35+h Aue ACDC

Greiner Engineering
Sciences, Inc.

Description

Tucson 602 327-3413
Phoenix 602 275-5400

Calculated by /2 o

Date _2/ NGV&"' Sheet No_.é’_L_

Checked by (7 C« 7//

/ [ e Sl
Date & LK== £ 7 of

w JT
cL— //2\
] 12/7
' }_5: //4;_)'0/
= '2(303%(0.8’94)4&13 = [3.77 sy -
Fere /7 = 3¢3 - g9g = -"/4'f/~*' 4
-/¢5¢ _ ,
£ Q)/éca,wa)zw, 13 (S, F By e
LT
C, FATIGU & sHress Lz r—Fs L 8./6. &, 3]
+ 3 . P /
>Ec= 2{~O.33~£¢”,” +3C//,)
SAl - 0.33665%) +&003) = 25.C fss v
I/Z‘-r.r =444 L
_/[f - 4aglnr) d /
2o e < (o 594 )4>. 23 = RO, GFhsy 4256, Ck




Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413

b B /230 g2

Description

3th Aee ACOC

Phoenix 602 275-5400 Calculated by I2L-< Date 2/ Mo &G— gheetno_42
G G, H L Dee #4 v
m Checkedby___ &7, 7+ 77 Date £ L ZC L 4 of
ALrLow Aa Le Bopo SHress = Iy Sl = DFl Ctﬁooc)
= 400,;;, s S3Cpre s
/Oof/arﬁe%vr # 7 =2, 74> /n /
s, \
éeg,’p Pméﬂc/ 1 omi /éx/ty-f/’ \AS\O ,,')31 As 7
/ o LA b
377
o B - </ 3’\0(2\. 743 )3(0 <
= g.ov
End of 2
G//‘C/O/'-\" \q
J
4 5. 25
C’ . 4, &/ Jq.’ é«fnc/
v
. g el s o /¢ 05
_______ = A& B, o C SxHemsen
Lé.06™ > 8,62 ¥
E e
542"
Enbeacl beer 3 = & TS Cr/"’/"" -~




3544 Ave AACLL

Jobo B /2304 -

Greiner

Greiner Engineering

Description

Sciences, Inc.

Engineering

Tucson 602 327-3413

Phoenix 602 275-5400 Calculated by_/24& &

Date L }/%" &?’ Sheet No _ﬁ_

Q Checked by ‘Q' :—:,/-/ Date::' ‘;.‘€C /"Z' of
A yA TERNATE /003/ Ywe Sfroyve ,vf ecx//ﬂ vc'// es7
Z3a X FEAp Botteny & strane/s e o
Ne  Fs
A= 8GC.r53) = Jaxip>= 7
d= 45+ 74 -23 = S5C,n >
Ni=d /éﬂ/z &4 s
‘ A S AY
g 80.55(4) -0 Wl - caq9.4 [
e | /. 2248 ) % | B@ 4&5-6 %
Z: | 33,0 7 1234, .0 |~
= e =32 &
p
"@ N = e 3 / =4
A M AY | Av©T I.
2 A3 $c.55(336) | 27w. ¢ 7| 1.€¢ 8 452, 7 ) 62,9 7] 257 ¥
s—+ee/ /. a2x4(é) e & 50 452 C Y, 45 4 —_
» N EE, 4 44, 2 7|25 2935971 AS57
- 3 '
N i et P PLErE 236 /,1-/"<
J L = as244 #2357 — 280.4(3,37%) = R2,3/ .
D/ s7anc e D[rcm MA. # srtee/ = GO~ 33 7= 4¢. 6 3&/




Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

b B57230F 32544 fe  ACDC

Description

Calculated by /QLC—

Checked by G "\/:: 1“4

Date _Z-SAev ¢ Sheet No 44
X 7/

-/ [) = LJk -
Date &2 &<~ “ % of

L

Steel!  s~recs

¥

g

1]

e //ewa A/{ bened sIrecs

te
poer s oy 4

353 (12000 ) 4y,
e37( 4665/23_31/ (é’)
v
= 3357 ey, v’
v
strawal T )57/ n (# ¢ bur )

' ceze7 (c, 733 -
RM D ;EM.&‘C/M#”“ L(’ﬂj*’l = 2 %3 < (/.?7/ )
@ ) 5
: _ = AG7 4
Y —— 7% .
4)_0 L4 //
» g 0 bW g
J AX o T pctensicy
N 29T LE NS ED
0 ’v O\k
\ /5" R
5 ctrome (&)




lob=/23¢C. £2 Necvc

Greiner Greiner Engineering
Engineering  Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by AL Date L4 fer EE SheetNo. 24 R

. Checked by Date of

Description

EFFEcT oF  LATERAL  Fercs AT Tep o cap
or G rreosrs .
//’J e/Aa
[/ = fo.l6 ket (//ZLF)A o reters D+L +E

= 97, ;3 %//WJ
dej 90 %,/o/-,a,<

A:/"/ /7&”1-’/"/ d{/é 7/0 ecc“;ﬂlr/c/-fj
/P& /4. S'v,"')—f"vt"(//-(

/7 - 90 (3.)‘,6). ”/’\) i 263 /‘7%7

on c_ony¢;/7{e )-,ocﬁc,\)

263 26354
¢ b
wCey |
6. ¢
/32
/7 (Fr—~ ) Y
. 5 ~
= -263

-A63




Job_£5/232. 42 ACO

GrEiner Greiner Engineering ki
Engineering Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by 12 &< Date _/ £ horé s Sheet No.ﬂq_

‘ Checked by Date of

¢ Co m/na)/‘/-e S&c—/’/ [ Lad /4('7) AT /S

A = el s
S = L2 E2 " 18 st G/rtae"L
-S’)' & 36J Sl /”z_

~

; 5% Teesy . L OEET - TR L FereesS
|
» LMD
}

Sc RE3C/2 ) :
rhe s 5 6 = 2 pst 3 Tep
| ad eBiCis) 7383 w  BE] PER o Ber
/70—5/)44/ 66(Cr2)
o 2
. 27770 il = 26,327 . 56 psc c Tep
T e /g//a.?EB - /54 psc (e Be7
A
oue L /rﬂr»"’«':.r .
7w /E pse C - 9 < /S pse . JC*
e /372 ps¢ C -+ 3&/ = A7 . C <z 2cce lck

@& Tr25p840
,'. 0'/(, é\) //7)/;~.-C"‘rc”




b £ E O /Feoc

ra 22955 ¢as).

O ps ac

frs G55, (/2c¢0)

( 5,763

o

ﬁ‘?: g I'/’th/g

L wlfRoo0 5 p

{s 5 o e %?_31/ (‘9) =
//4)0.

s 57239(0/%}0’37/): ;\4'29’;’_

6 (c.E9a) ¢49.23 <

0(27¢9))¢ s

el

et

Greiner Greiner Engineering S

Engineering Sciences, Inc. |
T 2 327-3413 |
Phosnix e:*3)2 275-35?00 Calculated by_ 2L € Date ! /A Sheet No# 4= <—

‘ . Checked by Date of
Chech /ﬁa;/v‘/ug /72 ccqe(_ e i
A / S ¥c =i
J7F8 363 #lytat = | 435

= 4,96 >
Y

o =r0

5(//99// 207
o

/5)7 seE& /’5'0.

~ /21331"’
/é.oé 77

Ky/é Al nd

?7/ 235 pasi

29/1; )‘Wj‘é-( X :0’4,

Vg 0170'77{ Y

y'/'&ﬁ' wféflj/




Job_3/230 42 2544 Auve  ADC

GI’EERE!’ Greiner Engineering .
Eﬁgineeréng Sciences, Inc.
;:gzz:‘x 660022 322775-43;41030 Calculated by AL < Date 2/ New 54' Sheet No 4' s’
Checked by G, G. /f'/ Date ./ Ve L of

/V-’;{? Atrve IZW"focM“f( cover /Dlpr

Use enp  FACTor  DESIGA

/vG_ t—k 7
m:..' o
-
& e A
LELT s

/'7u_ = _44314
/2= 2.3[ DL +L4%j

’

’-/'3£2/2»‘ %6449)_7 = -/ 46 e

s ‘bc//L/,zaao

b= . a2.6Y

A= 45 +T7i - 2%lr - #g —
e g8 o (4.9.&{1//9\000 S S
k= Tpa (R 2 Ag0

SREIZC73) P Ce0 e > Py =0.co23

A= $25m & TV, 4. ok

AJ:/D&C/: o005t ( 220 )d5 25 = 5,8 5,0 il




\R

oop:  Desipm HAWOBeek " ACI  Fop SP-I17(73D

F
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E Flexure 1.2—Coefficients for rectangular sections without compression

X reinforcement

11 p-wf"’ _ Ag Ky =¢ féw(l 59w) _U*'—b—ﬂ l

, =W3 ' bd =

! 'S c E a f Ce
£ .Y oy =9 f, (1 -.59w)/I2,000 d :

12 d % ﬁl . M r N.A Jud
il e A= = a As | T
el wd a2 : : =

g M, g 2d Aq in square inches and
fr=0.85 u = bd?/12,000 M,is in ft - kips
fe = 4,000
w 3 fy=40,000 [ f,= 50,000 | f,=60,000 | f,=80,000 ¢, o '
g iR RERERER FSEN PG

020 | 71 | ,0020 |2.96 | .0016 |3.71 | .0013 |4.45 | .0010{5.93 .028 | .024 | .988
.030 | 106 | .0030 |2.95 | .0024 |3.68 | .0020 | 4.4z | .0015|5.89 .042 | .035 | .982
.040 | 141 | ,0040 12,93 | ,0032 |3.66 | .0027 |4.39 200201 5,86 | .056 | .047 | .976
.050 | 175 | .0050 [2.91 | .0040 [3.54 | .0033 |4.37 | .0025]5.82 .069 | .059 | .971
.060 | 208 | .0060 |2.89 | .0048 [3.62 | .0040 | 4.34 | .0030|5.79 .083 | .071 | .965
.070 | 242 | .0070 [2.88 | .0056 [3.60 | .0047 | 4.31 | .0035[5.75 .097 [ .083 | .959
.080 | 274 | ,0080 |2.86 | .0064 |3.57 | .0053 |[4.29 [ .0040|5.72 111 | .094 | .953
.090 | 307 | .0090 |2.84 | .0072 [3.55 | .0060 | 4.26 | .0045|5.68 .125 | .106 | .947
.100 { 339 | .0100 | 2.82 | .0080 |3.53 | .0067 |4.23 | .0050|5.65 .139 | .118 | .941
.110 | 370 | .0110 [2.81 | .0088 |3.51 | .0073 |4.21 | .0055|5.61 153 | .130 | .935
.120 | 401 | .0120 [2.79 | .0096 [3.48 [ .0080 [4.18 | .0060]5.58 .167 [ .142 [ .929
130 | 432 | .0130 |2.77 | .0104 | 3.46 | .0087 |4.15 | .0065|5.54 .180 | .153 | .923
140 | 462 | .0140 |2.75 | .0112 |3.44 | .0093 |4.13 | .0070|5.50 .194 | .165 | .917

. .150 | 492 | .0150 [2.73 | .0120 |3.42 | .0100 |4.10 | .0075|5.47 <208 | .177 | .912

: .160 | 522 | .0160 [2.72 | .0128 |3.40 | .0107 | 4,08 | .0080|5.43 .222 |.189 | .906
.170 | 551 | .0170 [2.70 | .0136 [3.37 | .0113 [4.05 | .0085|5.40 .236 | .201 | .900
.180 | 579 | .0180 [2.68 | .0144|3.35 | .0120 |4.02 | .0090|5.36 .250 | .212 | .894
.190 | 607 | .0190 | 2.66 | .0152 |3.33 [ .0127 [4.00 | .0095|5.33 .264 | .224 | .888
.200 | 635 | .0200 [2.65 | .0160 |3.31 | .0133 |3,97 | .0100|5.29 .278 | .236 | .882
.210 | 652 | .0210 |2.63 | .0168 |3.29 | .0140 |3.94 | .0105|5.26 292 | .248 | .876
.220 | 689 | .0220 |2.61 | .0176 [3.26 | .0147 |3.92 .0110] 5.22 .305 | .260 | .870
.230 | 716 | .0230 |2.59 | .0184 |3.24 | .0153 |3.89 | .0115[5.19 319 | .271 | .864
240 | 742 | .0240 2,58 | .0192 |3.22 | .0160 |3.86 | .0120{5.15 .333 | .283 | .858
250 | 767 | .0250 |2.56 | .0200 |3.20 | .0167 |3.84 | .0125|5.12 .347 | .295 | .853
2260 | 792 | .0260 |2.54 | .0208 [3.17 | .0173 |3.81 | .0130{5.08 .361 | .307 | .847
.270 | 817 | .0270 [2.52 | .0216 [3.15 | .0180 [3.78 | .0135|5.04 375 | 319 1,841
280 | 841 | .0280 [2.50 | .0224|3.13 | .0187 [3.76 | .0140{5.01 .389 | .330 | .835
.290 | 865 | .0290 |2.49 | .0232 |3.11 | .0193 |3.73 403 | 342 | .829
.300 | 889 | .0300 |2.47 | .0240 |3.09 | .0200 |3.70 .416 | .354 | .823
.310 | 912 | .0310 [2.45 | .0248 |3.06 | .0207 |3.68 .430 | .366 | .817
320 | 935 | .0320 |2.43 | .0256 [3.04 | .0213 3,65 <444 |.378 | .811
.330 | 957 | .0330 [2.42 | .0264 | 3,02 .458 | .389 | .805
.340 | 978 | .0340 | 2.40 | .0272 |3.00 472 | 401 | .799
.350 [ 1000 | .0350 | 2.38 486 | .413 | 794
.360 1021 | .0360 | 2.36 .500 | .425 | .788
.370 {1041 | .0370 | 2.35 514 | .437 | .782

1. Whenhg/d = a/d, beam is designed as rectangular section; when hy / d <a/d, be~m is designed as a T section
(See Flexure 2).

2. Values of P above upper solid line are for percentages smaller than 0 min., P min. = 200/fy, See section 10.5, ACI 318-71.

3. Values of D below lower solid line would exceed P max. = 0.75 Ph. Forvalues of Dmay see values of (Dy, - 0.75 Pg) max
in Flexure 2. See Section 10.3.2. AC! 318-71.

, 4. For deflecticn see Section 9.5 ACI 318-71 and **Deflection’ chapter in this handbook.

5. Check for Crack Control where fy >40.000 See Section 10.6. AC! 318-71 and under chapter **Reinforcement’ In
this handbook.

6. The capacity reduction factor © = 0.9 has been included In the table values,

7

. For use of this Table, see Flexure Examples 1 to 10, 15, 16
106
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Design of Continuous Highway Bridges with

Precast, Prestressed Concrete Girders

To achieve continuity in a bridge using precast, prestressed
single span units requires design considerations that also
include the effects of creep and shrinkage. A complete design
example illustrates these considerations following a general
discussion of the principles.

Continuous highway bridges with
precast, prestressed girders have
been built by a number of states.
Examples of bridges of this type
built by the states of Tennessee and
California are presented in Figs. 1
and 2, respectively. The Big Sandy
River Bridges in Tennessee were
built in 1963-64. Performance has
been excellent. The 639-ft. and 703-
ft. continuous lengths of deck slab
on these bridges are believed to be
the longest built to date supported
on precast, prestressed girders. The

- Los Penasquitos Bridge in California

was a 1966 PCI award winner.

A primary reason for using conti-
nuity with precast, prestressed gird-
ets Is the elimination of the main-
tenance costs associated with bridge
deck joints and deck drainage onto
the substructure. Continuity also im-

proves the appearance and the
riding qualities of this type of bridge.
Due to the structural economy of
continuous designs and the elimina-
tion of the deck joint details, some
initial economic advantage may also

: be obtained.

The construction sequence for the
tvpe of bridge under consideration
is shown in Fig. 3. i
achieved for live load plus impact

o

moments by use of non-prestresse
reinforcement in the deck slab_and
in the diaphragms over piers. An

extensive research program on this
type of bridge was conducted by the
Research and Development Labora-
tories of the Portland Cement As-
sociation during 1960-61. The results
of this research, which provide most
of the background for this publica-
tion, have been made available in
a series of six PCA Development
Department Bulletins*®).  While
the above research and the ap-
plications of this procedure to date

have been directed primarily to-
wards bridges built with I-beams,
the procedure applies equally well
to bridges with box beams, tee
beams, or other available shapes.

The first portion of this report con-
tains a general description of the
design features peculiar to this tvpe
of bridge and the background ma-
terial necessary to make design cal-
culations. The second portion con-
sists of a design example.

2o g 8
Y{""yf._.w,f 3

Fig. 1. One of the Big Sandy River Bridges, Tennessee
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Part 1. Design Procedure

PRESTRESSING REINFORCEMENT

Except for the determination of
the governing live load plus impact
moment, the design of the prestress-
ing reinforcement for continuous
bridges follows the well-known pro-
cedure used for simple-span
bridges'”). The use of continuity
permits a reduction of 5 to 15 per-
cent in the required prestress force
when compared to simple-span de-
signs. The larger reductions occur
in shorter span bridges where the
live load plus impact moments are
a large portion of the total design
moment. Illustrative calculations for
determining the governing live load

_ plus impact moments and the re-

quired prestressing reinforcement
are presented in the design example.

For bridges made up of a series of
equal spans, the governing live load
plus impact moment occurs at about
the 0.4 or 0.5 point of the end spans,
with the moment at the mid-point
of interior spans being considerably
less. Therefore, in some cases it may
pay to make separate designs for
the prestressing reinforcement in the
interior and exterior spans. Where
the designer has freedom in choos-
ing the span layout, another alter-
native is to shorten the exterior spans
to obtain the same amount of pre-
stressing reinforcement in interior
and exterior spans.

- The positive restraint moments
over piers, as described in the fol-
lowing section, also increase the pos-
itive moments at mid-span sections.
When a section at mid-span is sub-
ject to the maximum service load
moment plus the limiting value of
the positive restraint moment at that

section, it _is recommended that the

stress at the bottom face of the gir-

der be limited to about 80 percent of
- 1 re of th

concrete, The modulus of rupture is
usually taken as 7.5v/f.. This re-
quirement will usually be satisfied
by the prestressing reinforcement
supplied for gravity loads calculated
as described in the paragraphs
above.

POSITIVE MOMENTS AT PIERS

One of the unique features of the
type of design under consideration
is that positive
over piers due to creep in the pre-
stressed girders, as well as due to the

o f live loads i an
These positive moments are partially
counteracted by negative moments
resulting from differential shrinkage
between the cast-in-place deck slab
and the precast girders. The pos-
itive live load plus impact moments
over piers due to loads in remote
spans are calculated by conventional
procedures.

The effect of creep, The deforma-

tions and restraint moments induced
in a two-span continuous beam by
creep due to prestress force are il-
lustrated in Fig. 4. Since creep is
time dependent, with the more rapid
deformation occurring during the
early stages of loading, the amount
of positive restraint moment induced
by the prestress force depends on
the time when the continuity con-
ion j as well as on the
inherent creep potential of the con-
crete mix, the exposure conditions,
and the volume to surface ratio of
the prestressed member.
The most accurate method of
obtaining creep data is by extra-
polation from a number of labora-

Fig. 2. Los Penasquitos Bridge, California

tory samples prepared in advance
from the actual mix to be used in
the girders. In instances where
many beams are to be produced,
it may be possible to take observa-
tions on the initial beams produced,
and to develop the necessary creep
data from those observations. In
most design work, however, it will
suffice to rely on available research
data. Such research®® indicates that
the basic creep value for loading at
28 days can be predicted from the
elastic modulus according to the
curves in Fig. 5. For design pur-

poses, the 20-vear creep curve can
i 2 _creep.

The ultimate creep value for load-
ing at 28 days, from Fig. 5, must
be adjusted to account for the age
when the girders are prestressed
and for the volume/surface ratio of
the girders. The effects of rein-
forcement on creep can usually be
ignored for a prestressed beam. The
variation of creep with age at load-
ing is given by the curve in Fig.
619 For loading when the con-
crete is one day old, for example,
creep would be 1.8 times the value
from the 20-year curve in Fig. 3. The
variation of creep with the volume/
surface ratio is shown in Fig. 711",
The volume/surface ratio of the
AASHO-PCI I-beams, and the re-
lated volume/surface ratio creep cor-




rection factor, are listed in Table 1.
The amount of creep which will take
place after the continuity connection
is made can be found from Fig.
8(8,10), For example, for a connection
made at 28 days. about 40 percent of
the creep strains has taken place,
leaving the remaining 60 percent to
develop moments in the connection.

It has been shown'® that the ef-

fects of creep under prestress and
dead load can be evaluated by an

lastic analysis as i gir-

der and slab were cast and pre-
i lithi g
girder, The moments obtained from

this analysis are multiplied by a
factor (1-¢™*) to allow for the effect of
creep. The factor ¢ is the ratio of
creep to elastic strain (e creep/e
elastic). This factor can be evaluated
as follows:

1. For a Type VI AASHO-PCI I-
beam with an elastic modulus
of 4x10° psi at release of
strands, the creep for loading at
28 days can be obtained from
the 20-year loading curve in
Fig. 5 as 0.34x10® in./in./psi.

2. Assuming strand release two
days after casting, the multipli-
cation factor from Fig. 6 is
about 1.7, and the adjusted
creep becomes: 1.7 x 0.34 x 10-®
= 0.58 x 10-® in./in. /psi.

3. The volume/surface ratio for a
Type VI AASHO-PCI beam is
44 and the correction factor
from Fig. 7 is 1.18. Therefore,
the further adjusted creep be-
comes 1.18x0.58 x 10 = 0.67
x 10-¢ in./in./psi.

4. Assuming the moment connec-
tion is made at 28 days, Fig. 8
indicates that 40 percent of the
ultimate creep will have oc-
curred at the time the connec-
tion is made. The connection
will have to be capable of de-
veloping moments that result
from the remaining 60 percent,
or, 0.60x0.67 x10® in./in./psi
= 0.40 x 10°® in./in./psi.

__€creep
~ e elastc
5 1

" € elastic

¢

¢ =ccreep X E
¢ =0.40 X 10 X 4.0 X 10® = 1.60

(913

Thus, for a connection at 28
days after prestressing, the
creep strains still to occur are
1.60 times the original elastic
strain.

. Having evaluated ¢, the value

of (1-¢*) can be taken directly

from Fig. 9. This figure also
contains a graph of the factor
(1-e*)/¢ which is used to allow
for the effect of creep in calcu-
lating the negative restraint
moment due shrinkage.

Dead | reep partially counter-

] &

%

i

(a.) Precast Girders Placed on Substructure,

:— Reinforcement

gl_Eﬂ

(b.) Deformed Bar Reinforcement Placed Over Pier.

See fig. Il for positive
moment connection.

1V7.

i

“7

(c.) Deck Slab and Diaphragms Cast-in-place.

Fig. 3. Construction sequence

for a two-span bridge with pre-

cast, prestressed girders made continuous for live loads

a

(a) Initial Deformation.

«

al

(b.) Final Deformation if left as Two Simple Spans.

[

@

(c) Final Deformation and Restraint Moment if Spans

are made Continuous

after Prestressina.

Fig. 4. Deformations and restraint moments in a two-
span continuous beam cafused by creep under prestress
orce
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Fig. 5. Prediction of basic creep from elastic modulus

acts prestress creep because dead

load causes tension in the precom-
pressed bottom fibers. The amount

of creep bending that occurs de-
pends on the residual compressive
stress gradient under dead load. For
this reason, more creep bending is
likely to occur on shorter span
bridges where a larger percentage
of the precompression remains in the
bottom of the beam under dead load.
The effect of shrinkage. Shrinkage of
the deck slab with respect to the
= e ot E
ments over piers that reduce the
creep restraint moment As shown
in a PCA Development Department
Bulletin®, the restraint moments at
iers due to shrinkage are calcu-

litod . i Berdid 2l shrnlk
: lied ] =

uous com e gi -

behave elastically. The differential

shrinkage moment applied to the
girder along its entire length is giv-
en by:
t
M,=¢E A (6'2 +—2'>

where €, = differential shrinkage
strain (as described be-
low)

E, = elastic modulus for the
deck slab concrete

Ap = cross-sectional area of
mid depth of the slab
and centroid of com-

deck slab
t
(3'2 ’*‘—2-) = distance between the
posite section
= slab thickness

The most reliable means of esti-
mating shrinkage values is from ob-
servations on specimens made from
the mix to be used in the structure.
With such observations, the final val-
ues of shrinkage can be projected by
assuming the shrinkage-time curve
can be represented by the following
equations(1): o

“ENFT

where €, = measured shrinkage
strain at any time T in

days
€ = ulnmate shrinkage strain
at T = infinity

N, = 26.0 >30%/3

V/S is the volume/surface ratio of
the member under consideration
(see Table 1 for V/S ratios of the
AASHO-PCI I-beams).
When test data are not available,
the ultimate shrinkage under expo-
sure at 50 percent relative_humidity
caAn b m (12,13) 3
This value should be corrected for
ents b 1ti 'i a_humidi
correction factor as presented in Fig.
10, The differential shrinkage strain
between slab and girder for a given
time lapse between castings can then
be obtained by using the time-
shrinkage relationship in Fig. 8. For
example, with a 35-day lapse be-
tween casting of the girder and the
slab, Fig. 8 indicates that about 0.42
of the girder shrinkage has taken
place. Thus a slab exposed to 30
percent relative humidity would
have 0.42 x0.600 x 10® in./in. or
0.252 x 10 in./in. more shrinkage
remaining than the girder. The value
of 0.252 x 10 would be used for €,
in the above equation for M,. This
value checks very closely the value
of 0.245 x 10 in./in. obtained in the
PCA research® using 10 ft. long free
shrinkage specimens of the slab and
girder and a time lag between cast-
ings of 35 days.
After calculating the negative

elastic moments at the piers due to

shrinkage, they must be modified for

20

N
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Age at loading, doys

Fig. 6. Creep vs. age at loading
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the effect of creep by multiplying by
the factor (1-e*)/é. A graph of this

factor with respect to ¢ is presented
in Fig. 9.
Summation_ of restraint moments.

’

over piers is calculated as:

AI,- = (Yc o YDL) (1 - e")

l1—e¢*
“n(i5e) 4y
¢ LL

where M, = final restraint moment
Y, = restraint moment at a
pier due to creep un-

der prestress force

Ypr, = restraint moment at a
pier due to creep un-
der dead load

Y, = restraint moment at a
pier due to differential
shrinkage between the
slab and girder

Y.L = positive live load plus
impact moment.

Details of the positive moment
connection. In the PCA Develop-
ment Department Bulletin on this
subject®, various connection details
to resist the positive restraint mo-
ment were evaluated. The detail
considered most practical is shown
in Fig. 11.

In the tests run on this connection,
the hooked bars were bent essential-
ly at right angles and a relatively
short horizontal projection was used
to conserve on the width of the dia-
phragm. Although the connections

developed substantial moments un-
der static test loads, under fatigue
testing (with a stress range of 20,000
psi) most of the connection bars
failed after about 670,000 applica-
tions of the load. The bars fractured
in a brittle manner at the knee of the
hook. To avoid this type of failure,

Restraint Moment Creep Factors

Fig. 8. Proportion of final shrinkage or creep vs. time

the live load plus impact stress range

in_the bars at the point where the
bend starts should be limited to 30

percent of the fatigue strength(1'. A

conservative value for this stress
range is 12,000 psi‘*®. Connections
designed in accordance with the rec-
ommendations in the following para-
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Fig. 9. Variations in restraint moment creep effect factors for
both creep and shrinkage




Table 1. Creep data for AASHO-PCI |-beams

Creep
volume/surface
AASHO-PCI Volume/surface ratio correction
girder ratio factor
type in. (from Fig. 7
| 3.0 1.28
I 34 1.25
1] 4.0 1.20
I\ 4.7 1.16
v 4.4 1.18
\| 44 1.18

graphs will usually conform to this
stress range restriction.

The total length of embedment
required for the hooked connection
bars can be calculated considering
bond to develop uniformly from the
face of the beam around the bend to
the end of the bar*®. The unit bond
stress should be 0.10 f, (maximum
350 psi) as prescnbed in the
AASHO Specifications*®. The dis-
tance from the inside face of the
precast girder to the inside face of
the hook should be at least 12 times
the bar diameter. The minimum
bend radius should conform to Table
2

Table 2. Minimum bar bend radii

Bar Size Minimum Radii |

“#3, #4, #5 22 bar diameters

#6, #7, #8 3 bar diameters |
e |

As determined in the tests at the

PCA Laboratories, the restraint mo-
ment over the piers does not affect
the factor of safety of the structure,
For this reason, it was suggested that
the positive moment continuity rein-
forcement be designed to work at 75
percent of its yield point when sub-
ject to the limiting value of the re-
straint moment due to creep and dif-
ferential shrinkage together with the
maximum positive moment due to
live load plus impact in remote
spans. However, when general re-
search data are used to estimate
creep and shrinkage coefficients, it
is recommended that the design be
based on the lower stress of 0.6 times
the yield strength. This lower stress
will reduce the live load plus impact
stress range, and it will also provide
more assurance against the possibil-
ity of diaphragm cracking.

Due to the amount of calculation
involved in the design of a positive
moment connection, as described
above, it is suggested that standard
details be developed for the various
prestressed sections commonly used.
A practical consideration in design-
ing the positive moment connection
is to detail it to facilitate the removal
of the end girder form after pre-
stressing. This may require that the
connection bars be cast in the beam
straight and then field bent after re-
moval of the end form. However, in
some areas, end forms have been
developed to accommodate shop
bent bars. If field bending is re-
quired, No. 6 connection bars should
probably be the maximum size used.
Consultation with local prestressed
concrete fabricators is recommended
to develop practical and economical
positive moment connection details
for use in a particular area. The con-
nection and bearing details for the
Big Sandy River Bridges are shown
in Fig. 12.

Ends of precast girders
Diaphragm TY)

reinforcement

shrinkoga Humidity Correction Factor
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-Fig. 10. Shrinkage humidity correction

factor

NEGATIVE MOMENT REINFORCEMENT

Since most of the dead load mo-
ments are carried by the beam act-

ing as a simple span, the negative

design moments over piers are those

due to live load plus ungact In some
designs,
continuity is achieved may also be

considered in the negative design

moment. The recommended design

procedure for proportioning nega-

ultlmate strength procedures with a
fa

1.5 on dead load. The effect of initial

precompression due to prestress in

the precast girders may be neglected

Reinforcing bars with hook
ends embedded in ends of

precast girders

_ELEVATION

\

Diaphragm
reinforcement

_SECTION _

Fig. 11. Positive restraint moment connection details




neoprene pad

Fig. 12. Bearing and connection de-
tails at piers, Big Sandy River Bridges,
Tennessee

in the negative moment computation
of ultimate strength if the maximum
precompression stress is less than 0.4
f. and the continuity reinforcement
is less than 1.5 percent?). A design
aid to facilitate determination of the
required steel percentage is pre-
sented in Fig. 1317, Use of this aid
is illustrated in the design example.
It will usually be found that the
depth of the compression block will
tom flange of the precast girder. For
this reason, the negative moment re-
inforcement required can be deter-
mined bv assuming the beam to be a
rectangular section with a width

equal to the bottom flange width of
the girder. Due to the lateral re-

straint of the diaphragm concrete,
ultimate negative compression fail-
ure in the PCA tests'’) always oc-
curred in the girders, even though
the diaphragm concrete strength was
about 2000 psi less than that of the
girder concrete. For this reason, it is
recommended that the negative ma-
ment reinforcement be designed us-
ing the compressive strength of the

girder concrete.

COMPRESSIVE STRESS IN
GIRDERS AT PIERS
A point that concerns some de-
signers is the high compression
stresses that might theoretically oc-
cur due to addition of stresses due
to prestress and negative live load
bending over the supports. The PCA
studies indicate that these stresses
do not affect the ultimate strength
{ for the following reasons:
' 1. Stress relief is obtained through
inelastic strains.

0.06
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« 600 0.006 3
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5 500 0.005
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S 400 0.004
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300 0.003
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RECTANGULAR BEAM CURVES

Fig. 13. Design aid for negative moment reinforcement

o

Full compression does not oc-
cur at beam ends due to the
strand transfer length.

3. Diaphragms strengthen the
area by providing lateral re-
straint.

In addition, the effect of the nega-
tive live load plus impact moment is
reduced by the positive creep re-
straint moment. However, when con-
sidered essential, the theoretical pre-
compression can be reduced by

raising the strand center of gravity
and/or by blanketing some of the
strands at the girder ends. Tests of
girders with blanketed prestressing
strands have been made at the PCA
Laboratories*®’

SHEAR

The shear tests of continuous
beams conducted at the PCA Lab-
oratories'*’ revealed that the present
shear provisions in the American As-




sociation of State Highway Officials
(AASHO) Specifications for High-
way Bridges'®’ provide a conserva-
tive estimate of the shear capacity of
a continuous beam. However, on
continuous beams the formulas must

be applied over the full length of the
beams rather than only over the mid-
dle half of the spans, as is usually the
case for simply supported girders.
The horizontal shear stress be-
tween the cast-in-place slab and the

precast girder was also investigated
at the PCA Laboratories*>, These
tests found the horizontal shear
stresses between slab and beam per-
mitted by the AASHO Specifications
to be very conservative.

Part 2. Design Example

DERIVATION OF GENERAL FORMULAS—FOUR EQUAL
CONTINUOUS SPANS

The design example is for a bridge with four equal spans of
130 ft. Prior to the detailed calculations, development of general
formulas for restraint moments due to shrinkage and creep is pre-
sented. Similar developments for bridges with any number of
equal or unequal spans can be made by use of the same pro-
cedure or any other consistent procedure for the analysis of in-
determinant structures. The conjugate beam theory is used to
calculate the various fixed-end restraint moments. The final re-
straint moments are then obtained by moment distribution.

Shrinkage restraint moments. As previously discussed, differential
shrinkage between the deck slab and the prestressed beam causes
the following moment on the composite section:

M, = ¢, By As (e —7‘>

If the bridge were composed of 4 equal simple spans, this mo- @
ment would cause bending as shown below:

I | T Y
__/\_/\/\_/
sl B e B |

The slope at the ends of the simple-span beams may be obtained
as the reaction of the ML/EI diagram:

ks
4

=5
M,L : Slope
! P L

T 2EI

Slope

Apply moments at B, C and D to return the beam ends to a
horizontal position:

End Span
? SlopeatB:-—glELII'x% My
| ’ ' - Slope |
| S ML "
1 M3 ET = ;JB




Set slope equal to slope due to shrinkage:

_MsL _ ML
3E1 2EI

Mp=—=M,

8] ob)

Interior Span - k Ma = M¢
AR ]

_ _ ML M M
Slope at B and C = SEI 'Q/%e\J é

Set slope equal to

slope due to shrinkage: 8 c
_ ML _ M,L
2EI 2EI
Ma=—M, = My

Since different moments are required to bring the various beams
to a horizontal position, the moments must be distributed to ob-
tain the final shrinkage restraint moments.

37 %4 o 47 34
-|.5M’ fM, —M’ "'M’ -M. + |.5M
+.214 Mg | —.28CMg -286M, | +.214M,
+.143Mg[ +.143 M,
| -1.286 Mg -.857 Mg ~1.286 Mg |
A 8 ¢ 0 E

Final shrinkage restraint moments (not reduced by the creep effect
‘ factor) are —1.286 M, at B and D, and —0.857 M, at C.

Creep restraint moments. The creep restraint moment is broken

into two components, one due to dead load and the other due
to prestress.

Dead Load Creep Restraint Moment

L -
_MpL i
Slope = 3E] ! .
I Mn = wl
Slope ° 8
4  Apply moments to return beam ends to horizontal:
End Span M

C Mol Bl <| i
3EI_3EI ; — })
My = = c 3
7]

Interior Span e WUSLET
o L B |
MpL _ MpL

| T2EI " 3EI “‘& ) j
i ’ \[B=2/3 DID:L\IC B8  CSiope My = M c

Distribute the unequal end moments due to creep under dead load:
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3/7 4/7 |/2 |/2 4/7 3/7
A D 3 D E
~Mp | —.667My=66TMo| —.667 My—667Mp| —Mp
+14Mg| —.I19M, —.19Mp | +.14M,
+095Mp | +.095Mp
-.86Mp -.572Mp -.86M,

Final dead load creep restraint moments (not reduced by the creep
effect factor) are —0.86 Mp at B and D, and —0.572 Mp at C.

Prestress Creep Restraint Moment

The creep under the prestress force depends on the location
of the various forces with respect to the center of gravity of the
composite section. The tendons will be replaced in the calcula-
tions by the equivalent forces exerted on the member.

Composite
d.l / Neutral Axis
R | "
°7 i U‘ B ] 7
1 de ds
p— ~—Fh
L I L2 L Ly
e L bt i

The moment diagram by parts for the above forces is as follows:

g M ey

7 — Transfer length ~

| L, Le L 4]

Moments might more realistically be considered to vary from
zero to full value along the transfer length (dotted lines). This
would reduce the creep under the prestress force. Also, any
blanketed strand could be disregarded for the length of the
blanketing. For convenience, the rectangular moment diagrams
will be used in the following.

Slope due to prestress [P/s Slope
(abbreviated P/S)

(g

_Pydil _ Padil Pyt _ PLiLs
(P/SSlopel =51~ 5Er ~2EI  2EI

Apply moments to bring beam ends at B, C and D to horizontal:

End Span M\
el i e
MaL _ _ (p/s Slope] | 7
3EI A B

‘ Slope L _l

| |

Rl — §E—I[P/S Slope]
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Interior Span

_\‘IEB[; = — [P/S Slope] M-( My =Mc 3Mc
M= Me= —g%[P/S Slope] B Slope c

Distribute moments (for convenience distribute —3 and —2):

3 47 Irp V2 47 ¥7
| AR T 1 T 1
A B c E
431 =2 -21-2 S21-3
+.43| 57 -57 | +a3
+.28| +.28
—2.57 o172 -2.57

Final creep restraint moments due to prestress (not reduced by

9
creep effect factor) are _._S_Zﬂ [P/S Slope] at B and D, and

—17
—————I'Z'EI [P/S Slope] at C. Recognizing that the value of (p/S

Slope] will be negative, the prestress restraint moment will then
have a positive value.

Summing up the various restraint moments and multiplying by
the appropriate factors, the final restraint moments due to creep
and shrinkage can be calculated as:

at Band D = (:ﬁgﬂ [P/S Slope] —0.86 M,,) (L—¢e7%
1-¢*
— (1.286 M, (———->
: =

atC = (:1_}_2& [P/S Slope] —0.572 Mp ) (1—e™)
1—¢™
— (0.857 M, <———)
( ) )

1 )
For a given value of ¢, the values of (1 —e¢™*) and ( d)e >
may be taken directly from TFig. 9.

SAMPLE CALCULATIONS FOR A BRIDGE WITH FOUR EQUAL
130-FT. SPANS

This design example for the interior girder of a bridge with
four equal 130-ft. spans was chosen largely to illustrate that this
type of construction is applicable to the entire range of bridge
spans for which precast, prestressed girders would usually be con-
sidered. More numerous applications will undoubtedly occur for
shorter spans. In states which have laws prohibiting highway trans-
portation of the longer and heavier precast girders, the girders
may be cast in segments and connected at the bridge site. A com-
prehensive study of methods of connecting precast segments to
achieve long spans has been published by the Prestressed Concrete
Institute (29,

11
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Type ¥T AASHO
Girder
8'-o" 8'-0" 8'-0"

SECTION
Design criteria:
Concrete Strength E
Prestressed beam at release: 4000 psi 3.66 X 108 psi
Prestressed beam at 28 days: 5000 psi 4.05 X 10° psi
Deck slab and diaphragm: 4500 psi 3.88 X 10° psi

Loading: AASHO HS20-44
Prestressing strand: 1/2” ¢, 270 k

Area = 0.153 in.2

Final force (after losses) = 23.6 k/strand
Section properties:
Prestressed beam Composite girder (interior)
Area = 1085 in.? Area = 1676 in.?
y = 3638in. STC = 59,977 in3
I = 733,320 in.* SBC = 26,268in.2
ST = 20,587 in3 STSC = 46,252 in3
SB = 20,157in3 I = 1,313,811 in.*
Design of prestressing reinforcement
Impact = 50/255 = 19.6% 324 32" 8"

8.0 14’ g 14’ 1

LL = o——==0.727 lanes

55x2 s | e
Moment at 0.5 Span AB: A ! A

Using influence lines for 4 equal continuous spans:

0.1517 x 32 X 130 = 631 ft. kips
0.1998 X 32 X 130 = 830 -
0.1449 X 8% 130= 150

Total for 1 lane = 1611 ft. kips

LL + I moment at
0.5 Span AB = 1.196 x 0.727 X 1611 = 1403 ft. kips

Dead load moments at 0.5 Span AB:

Beam = 1085/144 X 0.150 X 1302/8 = 2390 ft. kips
Slab =96 X 6.5/144 x 0.150 X 130?/8 = 1372
Diaphragm = 3.30 X 130/3 = 143

Stresses at 0.5 Span AB

Top Bottom
Slab . 802psi - l425psi&/7
Beam 1395 87 ~ /422
Diaphragm 83 - 86
LL+1I 282 - 643
7 2562 psi - 2971 psi
Allowable tension /e -212
[ -ZFH4pst 2759 psi
WIS 7?-*/:;u ¢}
— & / »




Assume eccentricity of strand center of gravity from bottom of
| beam = 4.70 in. Eccentricity from center of gravity:
| 36.38 — 4.70 = 31.68 in.

Calculate force required to give a bottom flange stress of 2759 psi:

2759 = F /1085 + F x 31.68/20,157
F  =1,110,000 Ib. e

Q

e LG),

Strands required = 1,110,000/23,600 = 47.1 strands
Use 48 — 1/2” ¢ 270 k strands

Check c.g. of strands compared to assumed value:

13at2= 26 raise 12 strands
13at4= 52 ng—at beam ends '
13at6= 78 B3 ;
9at8= 72 3y } S8t
48 228 K % SRR =1t

228/48 = 4.75 in.
(close enough to assumed value)

' 48 strands at 23.6 = 1132 kips
36 strands at 23.6 = 850 kips
12 strands at 23.6 = 283 kips

' Check eccentricity at girder ends for no tension under working
loads:

0=1132/1085 — 1132¢/20,587
r e = 19 in. (17.38 in. from bottom)

the bottom to provide this eccentricity. Raise center of gravity of
12 strands 60 in. at ends to reduce compressive stress in bottom
fibers.

. Center of gravity of 12 harped strands must be about 55 in. from

Design for positive moments at piers

Prestress Creep Restraint Moments (not adjusted by creep effect factor)

Composite
19‘06. / neutral axis

283k 283 k
s Y D
r 4 \1 u
67 B [55" . P, .
s( 8sok | | : {5 : n.08 850 k

L b oazs 22.5' | 22.5 42.5'

Py =55/42.5 x 12 X 283 = 30.5 kips

b
i P](IlL P:(I'_)L ¥ P.‘KLI2 _ P:’.LIL‘_‘
[P/SSlopel = 57T —3Fr ~3EI ~ 2EI

Pl < E
DAT =283x991x 130X 12/2 =+ 2,190,000 in. kips

= g‘gﬁf‘ = 850 X 45.42 X 130 X 12/2 = — 30,100,000

\ g
- 231511 = —30.5 X 42.5% X 144/2 = — 3,960,000
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i QIEII‘“ = 305 X 42,5 X 45 X 144/2 = — 4200,000

[P/S Slope] =- @%in. kips

_ —257EIl 36,070,000 | _ . e = :
atB_lSOXlZ_ i J—09.4><10 in. Ib. = 4960 ft. kips

_—=172EI[ 36,070,000 ] _ . e <
atC= Boxiz| ~ i ] = 39.8 X 10¢ in. Ib. = 3320 ft. kips

Dead Load Creep Restraint Moments (not adjusted by creep effect factor)
atB = —0.86 X 3905 = —3360 ft. kips

at C = —0.572 X 3905 = —2230 ft. kips

Shrinkage Retraint Moments (not adjusted by creep effect factor)

Assuming continuity connection made 28 days after prestress re-
lease, exposure at 50 percent relative humidity, and ultimate shrink-
age = 0.0006 in./in.;

e, =0.0008 X 0.4 X 1.0 =0.00024 in./in.
(factors from Figs. 8 and 10)

P4

M, =% Ey X Ay (e.’_,+ -;-)

M, =0.00024 x 3.88 X 10® X 96 x 6.5 (21.91 + 3.25)
M, = 14,600 in. kips = 1215 ft. kips
The elastic shrinkage restraint moments are then:
at B = —1.286 X 1215 = —1565 ft. kips
at C = —0.857 x 1215 = —1040 ft. kips

Live Load Positive Moments

15.65k {557*”:

A ) C s D E
| 1 224 l |

Using influence lines for 4 equal continuous spans, the positive
LL + I moment at B is calculated to be = 169.5 ft. kips

15.65k

557 #/ 1 557#/ft
o e A
A .8 c 0 E

The LL + I moment for this loading at C = 392 ft. kips

Evaluation of Creep Factors
From Fig. 5, for an elastic modulus at strand release = 3.66 X 108
psi, specific creep at 20 years = 0.41 X 10~ in./in./psi.
For release of the prestress force at 2 days, the value of specific
creep is adjusted by Fig. 6 to:

1.66 X 0.41 X 107% = 0.68 X107% in./in.,/psi
From Fig. 7 and Table 1, the volume/surface ratio correction re-
vises the specific creep to:

1.18 X 0.68 X 107% = 0.802 X 1078 in./in./psi




From Fig. 8, at 28 days 0.4 of the creep has occurred, leaving
0.6 to occur or:

0.6 X 0.802 X 1078 = 0.481 X 107%in./in./psi

The value of ¢ = €./€, for the structure with a connection made
at 28 days would then be:

¢ =¢€.,€ =€ XE=0481 % 107¢x4.05 X 108 = 1.95
From Fig. 9, for ¢ = 1.95:
(l—e*)=0.88

( = '(;—') =045

Summation of Positive Restraint Moments at Piers

Shrinkage plus creep:
at B = (4960 — 3360) x 0.88 — 1565 x 0.45 = 705 ft. kips
at C = (3320 — 2230) X 0.88 — 1040 X 0.45 = 491 ft. kips
Add LL +I:
at B = 705 + 169.5 = 874.5 ft. kips
at C = 491 + 392 = 883 ft. kips

Design of the Positive Moment Connection

To design for the 883 ft. kips moment at C, use intermediate
grade reinforcement with an allowable stress = 0.6 X f, = 0.6 X 40
= 24 ksi. Obtain approximate area of steel required using an esti-
mate of jd = 68 in.:

A, = M/fjd
A, = 883,000 x 12/24,000 X 68 = 6.50 sq. in.
Try 12 No. 7 bars, A, = 7.20 sq. in.

’ 4 . g
6-"7 ﬁ
s*7 g L. g L4

N 2%

LNomml connection bar pattern

I
,‘L -}:rs'lx'
l It
6-0
c.qg. of 6-*#7
g —= —] 6-#7
_2%7 .
Assume kd = 8.76 in. (from trial computation)
Section A y Ay Ay? lo
Slab, 96 X 6.5 x 0.96 600 — 325 | —1950 6,330 | 2530
Top flange, 2.26 x 42 95 — 763 | — 725 5,530 —
Steel, 7.20 X 7.16 516 | —74.75 | —3860 | 289,000 —
Totals 746.6 6535 | 300,860 | 2530

15
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6535

m= 8.751in. (Ok)
300,860 + 2530 = 303,390
—746.6 X 8.75% = —57,200
I= 246,190 in.} ‘

Distance from neutral axis to steel =78.5 —8.75 — 3.75 = 66.0 in.

883,000 X 12 X 66.0

Steel stress = 546,190 X 7.16 = 20,300 psi

Since the stress is less than 24,000 psi the design is satisfactory.
However, in view of the low stress, consideration might be given
to reducing the size or number of bars in the connection.

Embedment Length and Bend Details

Allowable bond stress = 0.10 X 4500 = 450 psi, use 350 psi maxi-
mum. Perimeter of a No. 7 bar = 2.749 in.

Assume distance from the end face of the precast girder to the in-
side face of the hook = 12 X bar diameter = 12 X 7/8 = 10.5 in.

Minimum hook radius =3 X 7/8 = 2% in.

EW Required embedment length

5+

4 _20300X060 . .
=350 x 2749 _ 122in

1/4 bend = 4.80 in.

7

7.875 in. + 4.80 in. = 12.675 in.
12.2 — 12.7 = no extension required
Use 5 in. * extension—gives 18 in. embedment

To ensure that bars extend into the part of the beam where
the prestress force is effective, and to avoid terminating all con-
nection bars at one point, extend 6 bars 3 ft. 0 in. into the beam,
and extend the other 6 bars 4 ft. 6 in. into.the beam.

Design negative moment reinforcement over piers. The live load
plus impact negative moments over piers are calculated as 1499 ft.
kips at B, and 1359 ft. kips at C. Design the negative moment re-
inforcement at B.

Ultimate negative moment = 2.5 X 1499 = 3740 ft. kips

.\I,... ™ 3,740,090 >(-l2 — 293
bd* 28 X 75.25* o

From Fig. 13 (the arrows in Fig. 13
apply to this design example):

p=0.0074 75.25"

A, =0.0074 X 28 X 75.25 = 15.6 sq. in._
Try 16 No. 9 bars, A, = 16.00 sq. in.

.
Check ultimate moment provided: _1_5%&_;1 Xouoth of

28.0 compression block
Al fy

T=0857.D

16 X 40,000
@=0.85 x 4500 x 28 @
a= /

5.98 in.

13 25"




Note depth of compression block < bottom flange thickness.
M, = Ad, (d = i}) =16.00 X 40,000 (75.25 — 2.99)

M, = 46,300,000 in. Ib. = 3830 ft. kips

M, provided > required 3740 ft. kips.

Compressive stress in girders at piers. From a trial calculation,
assume kd = 22.2 in.

n=E,/E,. = =
e
29 x 108
T 4.05 X 10%
=17.16 SN .
42 _{Nouml onis
PETRR
200
=
28.0°
Section { A y Ay Ay? b
16 X 7.16 (steel) 114.2 —75.25 —8600 647,000 =
8 x 28 224 — 4 — 896 3,580 1195 ;
10 x 18 180 —11.63 —2095 24,400 1221 I’
8x4.2 336 —20.1 — 640 12,850 —
Totals | 551.8 —12,231 | 687,830 | 2416 |
12231 ...
NA = 55—1};— == 222 1mn.
687,830 + 2416 = 690,246
—551.8 X 22.2* = —272,000
= 418,246 in.*
1,499,000 X 12 X 22.2 N
fo(LL+1)= 218,246 = 952 psi
_ 1,132,000 | 1,132,000 X 18.88 X 36.38 . =
fc (prestress) = 1085 + 733,320 = 2105 psi
= 3057 psi

This stress will not actually occur because of the tendon transfer
length. The stress is also reduced by the positive moment induced
by creep. The theoretical stress can be reduced to 2000 psi by
blanketing 14 bottom strands for a short distance.

Tensile stresses in girders at midspan. In span AB, the positive
creep restraint moment at midspan-would be 0.5 X 705 = 352.5 ft.
kips. This moment causes a tension of:

352,500 x 12

fo =535 = 16Lpsi

Adding the tension due to gravity loads of about 94 psi, the total
tensile stress becomes 255 psi. The permissible value to avoid
cracking would be 0.8 X 7.5/5000 = 426 psi. Since the tensile
stress is much less than the allowable, no additional prestressing
reinforcement is required.

In span BC, the positive creep restraint moment at midspan is




6

@

18

1%

N4

~1

10

491 + 705
9

P

= 598 ft. kips. This causes a tensile stress of 273 psi.

Since there is no tensile stress in this span under gravity loads,
for tensile stresses due to creep.

this section is also satisfactory

REFERENCES

. Kaar, P. H., Kriz, L. B. and Hogne-
stad, E., “Precast-Prestressed Concrete
Bridges 1. Pilot Tests of Continuous
Beams,” Portland Cement Association
Development Department, Bulletin
D34.

. Hanson, N. W., “Precast-Prestressed
Concrete Bridges 2. Horizontal Shear
Connections,” Portland Cement Asso-
ciation Development Department, Bul-
letin D35.

. Mattock, A. H. and Kaar, P. H., “Pre-
cast-Prestressed Concrete Bridges 3.
Further Tests of Continuous Girders,”
Portland Cement Association Develop-
ment Department, Bulletin D43.

. Mattock, A. H. and Kaar, P. H., “Pre-
cast-Prestressed Concrete Bridges 4.
Shear Tests of Continuous Girders,”
Portland Cement Association Develop-
ment Department, Bulletin D43.

. Mattock, A. H., “Precast-Prestressed
Concrete Bridges 5. Creep and Shrink-
age Studies,” Portland Cement Asso-
ciation Development Department, Bul-
letin D46.

. Mattock, A. H. and Kaar, P. H., “Pre-
cast-Prestressed Concrete Bridges 6.
Test of Half-Scale Highway Bridge
Continuous Over Two Spans,” Port-
land Cement Association Development
Department, Bulletin DS5I.

. Design of Highway Bridges in Pre-
stressed Concrete,” Portland Cement
Association, Old Orchard Road, Sko-
kie, I1l. 60076.

. Fintel, Mark and Khan, Fazlur R,
“Effect of Column Creep and Shrink-
age in Tall Structures—Prediction of
Inelastic Column Shortening,” Port-
land Cement Association, Old Orchard
Road, Skokie, Ill, 60076.

. Hickey, K. B., “Creep of Concrete
Predicted from Elastic Modulus Tests,”
Report No. C-1242, United States De-
partment of the Interior, Bureau of
Reclamation, Denver, Colo., Jan. 1968.

. “Recommendations for an International

11.

12.

13.

14.

16.

17.

18.

19.

20.

Code of Practice for Reinforced Con-
crete,” published' by the American
Concrete Institute and the Cement
and Concrete Association.

Hansen, T. C. and Mattock, A. H,,
“Influence of Size and Shape of Mem-
ber on the Shrinkage and Creep of
Concrete,” Journal of the American
Concrete Institute, Vol. 63, Feb. 1966,
pp. 267-290.

Hanson, J. A., “Prestress Loss as Af-
fected by Type of Curing,” Portland
Cement Association Development De-
partment, Bulletin D75.

“Design and Control of Concrete Mix-
tures,” Portland Cement Association,
Old Orchard Road, Skokie, Ill. 600786.
Phister, J. F., and Hognestad, Eivind,
“High Strength Bars as Concrete Re-
inforcement, Part 6. Fatigue Tests,”
Portland Cement Association Develop-
ment Department, Bulletin D74.

. Hanson, John M., Burton, Kenneth T.

and Hognestad, Eivind, “Fatigue Tests
of Reinforcing Bars—Effect of Defor-
mation Pattern,” Tentative Portland
Cement Association Research and De-
velopment Division Publication.
Hanson, N. W. and Connor, Har-
old W., “Seismic Resistance of Rein-
forced Concrete Beam-Column Joints,”
Portland Cement Association Develop-
ment Department, Bulletin D121.
Ferguson, Phil M., “Simplification of
Design by Ultimate Strength Proced-
ures,” Paper No. 2933, American So-
ciety of Civil Engineers.

Kaar, P. H. and Magura, Donald D.,
“Effect of Strand Blanketing on Per-
formance of Pretensioned Girders,”
Portland Cement Association Develop-
ment Department, Bulletin D97.
“Standard Specifications for Highway
Bridges,” Ninth Edition, American As-
sociation of State Highway Officials,
341 National Press Building, Washing-
ton, D.C. 20004.

“Prestressed Concrete for Long Span
Bridges,” 1968, Prestressed Concrete
Institute, Chicago, Illinois.




@ PORTLAND CEMENT m ASSOCIATION

An organization ol cement manulacturers to improve and extend the uses of portland cement and concrete through scientific research, engineering field work, and market development

O

5420 Old Orchard Road, Skokie, Illinois 60076

Printed in U.S.A, EBO14.01E




Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Job_ 51235 ¢ — ISty Ave  ACOC

Description Sheey

Calculated by RLe

Checked by 6 G /7/

Date 27 Nev " - Sheet No _iL

7/,
Date 705:': 2 .’# of

®

L

o

Booswr <hear

S/71p /e

UrtFerms  Leno

Y =z (F-x)

)27 ¥ Lesao

rh

DPEAD LenDs
C -
2 A

/e leno

fASac—44 —

S 4 e

DFE 2. Pla

V= e
- 22 .2

el _Cireleo~

/r76k/ﬂlﬂj7 /GI/JQP

wWpL * OC.FT7 klE T irde,

C=53/-¢

7
Vz.
~
o~
Q "hlc/:pa.,.'
il
74
%




R il Y 35t Aue  ARcpDC

Gm!ner . gr.einer Enlglnee”ng Description Shengz

Engineenng ciences, Inc.
T 602 327-3413 N
pﬁgii.nx 602 275-5400 Calculated by /el-c'—l Date 27_Mev H‘ Sheet No._> 2=

A ety 1) i o
@ Checked by G G, /7 Date £ o= of 73 i

\Q//,,ame ~ Sy Fere c/IN/ -

[pasy 7o B ] =

Conecrete stvencrh

Use /"SS#/‘ adc

X

@ Vc.i = 0.6 /. bld + Vi # Ve M7er X /,7/;7; b'c/ —

V= (3.;‘ S. + o,g{}c)b’cl +Vp L

d = o &h

/z:r= S-—Z:(é-/'}'—:*;pe ‘*(d) /

Stee/ streay +h

% _— AV 4&"//5 2«2 s C L ,c/ "
sob’ S -
i e T Rt
~
= 0./ 10 o




oo B/230a2 a5tk Aue ALDC

GﬁlﬂEf : grginer En|gineering R
Enganeenng ciences, Inc.
;:(O:ZZTX 660022 322775--35441030 Calculated by r2Lc Date _2=ZMev&F— pceino 53

/ 2//
Q Checked by éé d pae ZL€= LT of

4
(2 ;‘ép;f"/* - “a

> F
P L
AT o P .74 :
VDL = /,3>~( X =)&)+ 2 = z38.a°
e Al ¥, 2
lop = 0,47(5/)\ —/,@73) T /3.0 i Srmy)/e bocm
Flok &= =g &7
TRvekK / s ~
74 = §5¢[32\(57,/2>*43"23’) +5(29,123) ]
bt 3 o
= 5‘3.34: /..s-‘-'l /4—‘[14'L
il 2
1 ’ ' bl
Vu' 2 //C‘f (;/l-(rCa./
. 2

VL" o ;673 (/,27L) oOZ1x = 3528 k/é/ra/v/' e

Vu,l /:3[ Vi +_g;it/bL'*t ]

= 43{ 2.2 + % (s = 181% 7

i kd 7. 36
/6.5 = 7,24 = -~
d=95+725 —22.07 + [( “‘2?—)"*7’*7-117= ac. /3 PR Y
= 42 %
c/: 42. /A1 QC‘WPOL'/"[Q /"




Job. 5/2304L

3T+h Aee RO

Greiner

Greiner Engineering

Description Shear

Sciences, Inc.

Engineering

Tucson 602 327-3413
Phoenix 602 275-5400

Calculated by ﬂl’ b

Date );7/\/0,,(/4— Sheet No._é:4_

@ Checked by 6’ 6/ Date 7DEC3/¢ of
48750
/%; = (/érfra«o( JLO,/?sm“—Afri/B&o? /cu( 3o(o.5¢) )]
Z A stressts St lelot ¢ peclveticer  olie ~Le éU’hﬂff
= 304-2\? (/
3c4,2 (icee r
;oe: Lk )sea L EFE lCIOw)—,‘Dé/é/ B: 9353 pey c
/7; i
$9= 7%
o = /‘6'73 A & 73
/. F Sl 59-1575 ) + A 7))/2\ VL i
74Cracce) el
A;/—* /61&6 - / 4 1/93/ / ‘/
e
{ ’ _ =, Sy T /9383 3 e
/%r= jo383 (éy’fwo +935 - 44 DFrcee = Jo52 % "
e _ CO.g7(Lsrs) es = ~<
/70¢ = /)\ ( 55- 1373)‘ 25 A
/ZL [3% (1.9154¢ }3505) +& (o, 9Z>6>J/172\(07/7\) = 997" %
/, 515%
/T = /,3£74+23.L+%(9?>]: Sa3 -4 v /7
Le75 " YA
. /e 343 - ;3Cra) = 297 ke s
e =* 1.3(Cz0 *% (328))= /3.3 €
- — /30.3C le5x)
. }/C,k’ 0.6 rcco (7)4xfwee * 521+ /&47
= gaz - > ,7/3000 (7) 42 gece = 3s,3% v
Vg 2oy £ 37




Greiner

Engineering

Greiner Engineering
Sciences, Inc.

onZ /23882

2344 flue

AcDc

Description Sﬁay r_

Tucson 602 327-3413
Phoenix 602 275-5400

Date )‘7/\/0‘/ tq"Sheet No i

Calculated by @LC’

Checked by 6 6'74'/

Date 7ﬂ& g/l;z‘

of

\

Vad-4 V.o
/6.5C ~7,2 %
%95-:. 304,2\ ( 232.50/x) = O, e .l
c= 359> - 20,27 = (4,782
<‘j < c;m//csnfﬂ ﬁa:—< cmep
rPec ﬁME
)iﬁc: ﬂ/‘} & /1?«g t %
304.a (/oce 3c 4. 1(/&00)794)/4—74— 4 (1cec) 1 4.7 &
Seo < 5350 N ‘ 425 354
—_— sl
7362 py,
e E 5 .5000« -‘-03(361):{ 7(42) Tcoe + /O = //3\1L

l/’/ VC,: //5_ &< /

Ve = VLZ- Ve = 18 o5 ~ nS ) = ged <=
>0

f-‘—' )
S b = 665 >K
e
'rec
&6.1 (r12) / V$/>4ﬁcj’ff’j”-’33‘L i
Al/:' /(4—{) '—0 62 /rl//:’( ,,,,”.1
V= S = /l& v
* 5= e LeG sHirrps @ /,Z/_” Ao~ G.62 ,nit7m v




Job 5/2\'3042—

33+4 fre ACpC

Gmﬁner Greiner Engineering Deserigtion._. Shaxsr
Engneerang Sciences, Inc. 6?

Tucson 602 327-3413 X0

Phoenix 602 275-5400 ~<b

5 o.f’ G Calculated by e
m N v Checked by 6 (74 /‘y

Ar7eryade Mf‘féaq/

AASHTO /375 pteviwsr ey

Vo= owe $ebjd 4 /60 bid

: oo A 5 o
‘ " kd S

¥ _ Iy

Vi-gve) ’s
/\)U‘CW%J,)J'J N /605/5{)

)

_ roo(7) /1/40
cCoo

0. &) m*_~Fr e

Date &7 NW &4 Sheet Noﬂ_ |

Date v DEC (’:’/4-




Job_ B I123CF

Greiner Greiner Engineering
Engineering  Sciences Inc.

Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by AL pae SheetNo. O [

@ Checked by 6 6. M Date 7/75:_ Z#' of

Description

: e .
e l/oo-' /87
' o = 45+ 75 - 2027 #7.96 = 4¢,)3 e

/6 (©.153)
/0 PSS g S ©O.e007a

x o
gw 2% (/- o5 (c.coc7e) f%) =% gq, € S v

Dps = pooe7a(26d4.5 ) =000 -

J= /= Gleodo) = 0976 °
~
V.- 006 (5)7(c.97)2c/5 = 5245 //gfa_A'J'df g9, 74
@ K= g5
4 (1gt—0.9¢C%.)) I
/4,,= R0 )o.97 (4,3 )
= 0.53 mZEr “ 9,62 a0 T ot
2,9 55




. sb_57230942 35+h  Ave Acbc,
GI'EII'IEI’ Greiner Engineering 0
Engineering Sciences, Inc.
;rﬁi.nx 660022 322775_-35.4410::) Calculated by Y2 & & Date _2ZNev &4 sheerno 62—
Checked by 6: 6 747/ Date 7kf’ X4 of
Vi
@ X = g
NG 52 .76
Vior. 1.35C 72 ~5) + """ = 3 Lt
B 52 &
Vﬂl-» - O47C =5 el . Vi ) s mp /e
JRVE R/
VA{.“I g ] [3)\(54-/40) "'é’(.lé)] hezeo, 71a.) 32 3X

= Z
N ‘494i43u@br e A
W= 13[ 455 +% Cas)] = 7655
e = 1.3 [s15+3% ()= 121 % e
wve 7133 (3) , i )
/:;l. . | /A (59—\) - /74()% = /g7 —~
1o = TR (5-3) = .37
DR i
Trvcei
L +T 4'27*(0'705\{32\(4—5763 +4 3,389K>‘+d'<2,1034)j
< 45763
=Rde e e 0 ’7,
S > a
/,7u- = LB 250 +% Caap)) = 545
/Z,m( /3 [@3 +25 C294)) = g/ g ol




b 57 23082 3544 Aue  fCpc

Greiner GreingelEngingering pescripton _Sho
Eng|neenng ciences, Inc.
T 7
P:gsecr:?x 660022 322775-3544‘:030 Calculated by 'e’l’c’ Date 2“7/lé‘/'£5 Sheet No é 2

<’ crockedty_ Do G Ao owe_T L0 5 .

_ = 16.50 =722
of = 5 - 22,27 7‘[( 32.3; ) Z.o00 + 7aa]
o
X3
= 4/,42\1-2 L.O.&h> HL£Xin
b= 421 T

1

/2; = 22.(. 1530 /3&67”’ 4¢4., 7‘ =
e = 9 /9 e -

4¢4.7 (lcce a2 464, 7(1cco) P, 13 ol
Syes L Geo + Ze » /5acpy T &

P .
Vi - 187 Clacee) _ o
:(Cjz /'S\b‘ =% 156 = 3é3/,:/ »

C/. %r - Sbg = /038 3.3

Aler B jo383 ] ¢ /35557 + /520 - 363] oo = /3e8 T —

/ 2 12/
Vies ©.6 {3cco (7)4'2/000 + 455+ (@6%1/

s 32.9“ = /.7 foce (7)al _~rcce = 35. 3 %k el

Vo= smu®s =7




Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Job S I23CE 2 3Zth Aee ACOC

Description ‘SM ~

Calculated by /2

Checked by 6 6' 76('

Date 27N E9 Sheet No & i

Date 7956 gé‘

of

®

Vp—‘" 4@4.7 (/6 3¢ - 7Z.22

z
23.501x)

&. 35,053 — 2¢,2

:g/’c' i ¢64'7(,m%6a a

F3c— Te3 + 26

[3,7

= {de 2 F

Voo

Zcco + 2,3

o

%—‘— 142, 2 =

Ve

K= = 632

43,1 ¢
/&%064—1)

/()./=

»5 —LOR L .C"‘/f/'up

d4ca.7Ceee) 2,13 C I4.7d')/

1 4. 75 2

l

7

r& 7 Craccelrad, vs)

J253s0 —7253]

. vl
= .k

F 2 4

('5)’/)] 7(4)‘)//000 + /3.3

/
sem(mea) = 431 = 7
~
0.3/ ,woFr A,
» e
@ /2




. oo B12304T 3544 Ave AcDc
Gmlner Greiner Engineering Deacrintion. <@
Engineering Sciences, Inc.
;EEZ?,?X 660022 32277;;;030 Calculated by /QL’C' Date g NOV&‘/- Sheet No GT
@ Checked by 6' é 76'/ Date 7&52 ~?/“¢ of
C x=/0’
NC = I 1.76
V,o;_ = /Jo(/z.—/o)..,{- 7 = 7\7’2,&
< 52 . i <
W, . = adtr Zi~je) -t N s
L Dt S
Trevc ke /
\/u.+1: = &> [31 ("9*33')-"'&’ (2/)] 12720, 7rx)
e
~ 43 GGt 0 Iy
A
Vies 13[36.4% % (438)] = s42 < v
( ! | V= s3[52+3% (438)] = Jo7° il
e 1.35(Clc) 176 Cire)
/e y 27 (5%-10) * 5 = 3g40't —
- o.gq47( r0) —_
(5 F e (35-10 =SS
i~ -
455
7/eLche
Ve /.27% (0,712 )[3;\( g5/ +35,5322)+2 (35593) ]
g,305/
434 .. /%
] 45"
- /7 = /,3[435—+J§ (439)J = /5 4 pike g
/77/))( = /.SL /773 + >§ (439)] = )0 9% = /




Job. S1230¢2 35744 Ave AcDc

Gfemer ) (S?nrt_einer Enlgineering WA
Engineenng ciences, Inc.
Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by_ 2L Date AG/NevS 4 sneet No & G

G Checked by é: G 76/ Date ZZEC Y% of

6.35C - 722,

d= 457‘27—20.27*-[(‘/—"ﬁ_.r_)/ﬂaotZzz] :
fe RN L

St T s

T 432 2% > O.%4 =g
B = A dagn . T
d : —
I SR A €05 = I/ 17m
_ P FPe . 4647 Croee) 464, 7 (1ec)l 117
Dgwe' //‘) * =5 ® /560 v A/A’é
= F30.# &3> = /663 pss Ao
/‘79; . 340(/1000)/ | g
4y = R GIs6 = 60 pst 7
| e . I/\yf = /)0 383 /”3 : - ¢cm/a’/5nlg

/-

/i = o383l 65000 #5655 - 660 oo = /240 s

107 ( 12a2)

VCL' > 0.6 J5oc0 C7)4?-?;//aaw -+ 36.4 # 10 99
b/ e
= [FC.0 = /,7/}23’01 (7)434//0010 SO TN
< —
o: VC,(,‘ = /70‘0




et L 3544 Ave  ALDC

Gmlner v gr'eeirr:er Er:gineering Description S/YE/"(
Engnee"ng ciences, Inc.
Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by rRLc Date RENev &8 goine 6 7
@ Checked by 6 6 26/ Date 7Z§< “9/¢ of

g P (6,30 =722
\//9_4'64'7 ( ,233C/L)) - E5 g¥ -

C = 255 -~ 227 = 14782
- P .
‘;‘:}p(_ = %4 - ﬂc/_t =+ & c/t
L - /2535
Lz = s = @inrer 7
|
_ 4647 (kec) 464, 7(mo0c) 11,17 340 Roce)
| gf‘*— — 580 /5’4835‘ + S 8483.8
= 8§30 - 6/2 + 48/ =193 P/
43.
(9' f35 /5000 @ +o. 3(679)__7 2 %oo #75.3
= Jz4.2% 7
e e e e T
%: Z/u—¢VG:/4lA?'/‘>\Ql = 3.6 - <l

L 2.8 (/2 ="
/4V‘ )/@643-4) = oald aEr <AL,

yse %5 per pen, stirryp (2 = —




v JobBR3O 42% 3574 Ave ACD c
GI’E!ner Greiner Engineering Diacipton o Aee s
Engineering Sciences, Inc.
;:zz‘::x 6;)22322775—?;41(;) Calculated by ﬁL—O Date 28 MV 84' Sheet No._&
@ Checked by 4' 6/)% Date 7.75C Z#‘ of
X =t &=
l
| Nc 53 _ b 7 -
be = s35( A -/5) » "4 = 0.5 €
(< . S22
Vi, = Oarl( A =15) = G & il
27. 3% =Wy i~
TRUCK / .
i o F /59[32 @4+ 300° §C16)] ),272 o 72)
i 31 g5k
&k
= 35’.} b /5 J /4"L/4’L;4’
4
\/u.= /'3[17.37"J/3 (33‘—?)] - //3.3'“ il
C’. Vo= /3fecw+23 (2)] = 2%
N e
LS < LssCdg (Ems) e MTEUP) o s 4psie o
[ X I ~ ~ % ~A
s = 0 d7(m) A (59—5) - /55 Smple
G 3 T
Treve i
A = /171(0.7/14)[31(//. 1864+ 7 6270) + 8(4-.&57&)] /71864
— 1— & /
= Z75 S 1rder A
T 44
- ,
. P 3L trae >3 (3”)] = Zc4a d
e = 13[s554 (7)1 = /447 e




ST 23N 3544 Ave ACLC

Gl’Einer Greiner Engineering Description _SAPec
Engmee"ng Sciences, Inc.
Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by ch’ Datewl SheeINo_éi_
Checked by 6 6. 7'7, Date 7]€C “/+ of
i /-5 -7 2% W
d= 45+ 75 —2c,27 +[( 2=.5 )/5 : 7-—11]
NN
/31 /4 /N
= 45 37 ,n > o.8h =242
= 4c9.7° €s /3 /4 m
_ 464.7 (ree) 464.7(1002) )3 14 —
gpe- G0t AL = AFNT pei, T
433 Clacec),
Jd = /6/?6 o P/ 7 "
L4, = 0383 .3 Ceaposite
/7c/ = /035)3[ 5,/5000 + /07 - S’>OJ/2000 = [L/ED Fart
\/ . l/—,—_—’r - ’)\ (//6 9)
c. = Ocg/Fooo (7) 4537 ~jpoo + 27 3 7447
=V i e > 7fsceo (74337 Geee = 38,2 x
— B l/
;. Voo =wso*




Greiner

b 5723042 35+4 [ Ac D

i . Grglner Engineering Descriptions. CoN@e 7
Engineenng Sciences, Inc.
Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by___[E+& Date RENNEF o no Ze

Checked by < 6//6/ Date 7.p=’C /4‘ of

/6.5€ —~7.2%
o e —— . - &=
Vo s wgenrlaseeny 4 a3 s
i i —
Q= 359 20,07 =[47&
464.7( coe) 464.7(rcec) 1314 (14:75) 455 (1cce) 1475
7(,;6-' B A %)‘3&0 5 735350

Vew

§30 = 720 + £49= 755, o T

)

= [3'7)’5‘000 +a,3(7§9_)j 7(45.37)Jeco * /5.3

= JEGer T

ol s K://fﬁ < —
Kﬁ 11765 so — (/800 = /6 £ s
_ Jo (1)
A= %0('4),37) 2 Outs n™ = A g et

vie FZ pse stirrgp @ /A" sl




Job_ 27230 42— 354y A AcCOC

Gmlner Grginer Engineering Description_< et
Engneering Sciences, Inc.
i 602 327-3
ngz?x 602 275-5?030 Calculated by _/2LE Date 28 N 84—  sreerno 21
(. Checked by 4 6 7% Date 7.&/—:6 Xlﬁ of

*

wne 53 .
Vﬂu & /3>( % L a3 o) 4+ /76/)\ = 90*c 4
l/ﬁlf = o 47(%;— 235‘&) = 2.8
I 8 =y =
77RVCE p— Z
75 e =[/59£ 22 (2).5+25.5) +8(49.5)]— 5’] la72(0, 702 ) G-l
Q{valH-Lzhf
= R4, 8 £ 7 # 2

\{L=/.3[//,&f’/;(9\a'e).7 5 e

W = /.3[3,321‘5/3&5.5)] = il

re /.35 ( 2=23) - , L35 e
A % (59~ 233) » MTEOERT) 0L ppg e
/{7"9; A (59— 235 ) 1 /yé S oomo I

Fe o in. =L

7720 &K
g as =/.27A(0-7/A‘)[32\ (/4,/356’+85636 )*‘5‘(!,7/é/)j /2. 1358

= 6 99 A / ,133’4 255

(= /3[75’0 ";/3(69,9)] = 2543 &

AL /'3[/96 2% (¢939) [ = g9’




Greiner
Engineering

Greiner Engineering

Sciences, Inc.

Job S /23082

337% Ave

Acoc

Description Sheee rm

Tucson 602 327-3413
Phoenix 602 275-5400

Calculated by QL&'

Date 28 /\éu &4 Sheet No 7=

: -
Checked by £7. €3, 77(

Date 7@": 5/72'

of

o = LS5+ 75 - 2027 +/6.50 = 48 .73 .. v’
Pos = g69.7% " €s= sc502 7
c;e__ 4447(/wo)/5@ P 4647(/0&0)/6,)‘0/6/36
= F3c + /R4 =D AD g O il
IV B8 i 7 /35 s 7
e

_1:/‘\}: /O3 L3 /»73

Ce r7y00 Ae

/Z—f: o883 [ G Jicro *R2c7eo -//33‘_7%\600: g7 2a T
Ve = 0&/3c0d (7) 4875 doco + sn.o+ 07 (720 14

)

&7 3=

B

S 7/ 5o (7D 4673 Tco0 = L, <

Vie =673

o




oped F XDy 2 3544  Ave ACDC

Gmlner - gr.einer Enlglnee"ng Description S/"?Q [
Enginee"ng ciences, Inc.
T 602 327-3413
Pﬁiii,"x 602 275-5400 Calculated by__ /2L € Date APNe v EF greaino 73
Checked by 66/7/ pae 7€ 8 g i

@

b <o
C= 3505 —2027 = 19.7&8" -~

_ #6a.7(wos) _~ . 464.7(leec)1c.50)(4.7& 584 012000) 274
3(,:9¢‘ /%O ‘ 453907‘ 735354

F30 — 4 + K20 = FSpmr -

Vo = [3.?/5000 +0.3(75x) ] 7(48.73)  Fco +CO

/
/S

= fergEE v

,: VC,: éz\gk 1/

e

73 0,9¢c - 673 = /4

oy
"

‘ /4 (1) .
/4./: AW (46.73) = ©.0 P mEF7 v /41/,,,,,, g

/.l” /

(/)f #'.5~ LB S"/’/fUPJ @




=

" » Job B/R3C 42 354 Hve AcDC
Gmlner Greiner Engineering Dessription A5 keas

Engineering Sciences, Inc.

Tucson 602 327-3413

Phoenix 602 275-5400 Calculated by 'QL'C// Date 2 g/N’V&—PSheez No i
N~ 7
@ Checked by é‘gﬁ: Date 7//'.‘::\. : '/L of

CHhec k. Gl naYe  spretboof

Aos 22 (c.733)
/Ac/ o /&3:—(4&7_3) B . 00086 ~

7 ) = pa»o( /- 0,5(0.c0088) =)

IR
] '
3O
i
T
Q
=
»
>

N
N
(ON
w
N
S
X

? 263.7 g
Dps = _Ips 7F.= cooose T FF = o045

J=/=0.6cops /-0 6(0.0¢3) = 0,973 e

G - W= coc Fcb ol moos(s)7(0.973) 4673

- /
73-0.9€597)) 1 2 LA
A= C : 2 (4e)0.973(0¢73 ) = 0.06 miprr £Av,, =ca2

vs-e xS @ /" pRL 2% .ﬁ-///'rup




L/

&
T ¥

Dbl L‘:) L EY 91‘,//'(”)

N

12 Ley » < Sturep

G



S /a7

?‘ § 3”‘ ,y " o
,&"4‘3" :3" 44 G & 6“ 6" i é” 61{ 4"
2 - $ /
§ =1 —irr
Y T | R !
N f B/
1 =T+ f’ : : ;
" by
u ] L
ks & b * Dbl ley #S stirvp
|
’ <.7
1 R ) § — D4l Ly ¥S Sturyp
N 104" :
* 8"
) K R
N
g& }
=00 b o
{ ~
™
= o




GO '=0-%° # i

F=~-sr0%

/o”

S3-5601L @ 12"~ 520" & Spa @ "= 3-@" 4" 3" 3 2’
' HF=AGRI T
. . - : /- = e '
(4 M ‘ ; r r
[ ot Q Q2
e
47 ‘
! |
N . f | “
w Gos -
i 1
) 5
e M £
9' N 1 | f
Pt A1 )
5 T
™ ' |4 et | I QJ
\ U 5 Ay
| 1% ‘
i : 6~ 4Go2 I 2o 't
w Gv//b/\f" Zeﬂj//f Indudes //4_ ~ ls e @ > " ol 4 e 3
ElasHtre JAOX-/M/U- I &

BO0-4G0! @ 2-OCtype58~4"

|
|
e
|

A



@ o
i 60'-0- %" *
/-2
i 30-4G0! © 2 Oty 584" VA 7«)
K J—3 e JGOI @ 12~: 51'_‘24 55P® ® G" = 31__ Oll 4,- 3,‘ 3:- 2,
|- | BEWGOI l- i
f B i il | i f
i VN / 4 0
T L 2
- Y.
& | .
| | I’ Bk Stronds
7 ) . ele o . ' /
L e =
{l
SGEo2 -~ 6" | i
N 6)" 9 | l
o | W R
J 7 [ Q
N w 3!
n
L = - ~
Jo* N
? M Lkl i : -4 ;L ;{/ ,
\ \J J " \J \_‘
[ VE W A
|
6- 4Go2 @ 3" = Z'-5" 3
*  Guofer Zeny;‘/? iy oes //{f. a4 -

i i |
Elas~Hre ;Aor-fewmj. ! &% |

' \\,e’ | iae& ;

, i




PRECAST, PRESTRESSED GIRDER NOTES

PRESTRESSING STEEL SHALL BE 1/2 INCH DIAMETER
HIGH-STRENGTH SEVEN-WIRE STRESS-RELIEVED
STEEL STRAND, GRADE 270 CONFORMING TO THE
REQUIREMENTS OF SecTioN 506.3 oF THE Con-
STRUCTION SPECIFICATIONS.

STRESS-RELIEVED LOW-RELAXATION SEVEN-WIRE
STEEL STRAND, GRADE 270 MAY BE SUBSTITUTED IN
LIEU OF THE ABOVE PROVIDED EQUAL PRESTRESS
FORCE IS FURNISHED.

THE PRESTRESSING STRANDS SHALL BE TENSIONED
TO AN INITIAL FORCE OF 28.92 KIPS PER STRAND
AFTER ANCHORAGE SET HAS TAKEN PLACE. A
MAXIMUM JACKING FORCE OF 33.05 KIPS PER
STRAND SHALL BE ALLOWED PRIOR TO ANCHOR SET.
AFTER TRANSFER OF THE PRESTRESSING FORCE TO
THE GIRDER AND ELASTIC SHORTENING OF THE
GIRDER HAS OCCURRED, A FORCE OF 25.89 ki1Ps
PER STRAND SHALL REMAIN WITH A FINAL FORCE
AFTER ALL LOSSES HAVE OCCURRED OF 21.12 KkiIPS
PER STRAND. THE CONTRACTOR SHALL SUBMIT TO
THE ENGINEER FOR APPROVAL ALL STRESSING,
LOSSES AND ELONGATION CALCULATIONS PRIOR TO
COMMENCEMENT OF WORK-.

THE PRECAST, PRESTRESSED CONCRETE BRDGE
GIRDER SHALL CONFORM To THE STANDARD TyrPe II1
AASHTO BRIDGE GIRDER WITH THE FOLLOWING
PROPERTIES:

CrRoss SECTIONAL AREA A

560 sa- IN.3
MOMENT oF INERTIA [

125,390 1n.

THE GIRDER CONCRETE SHALL BE CLASS AA HAVING
A MINIMUM COMPRESSIVE STRENGTH AT 28 DAYS OF
5,000 POUNDS PER SQUARE INCH. THE CONCRETE
SHALL HAVE REACHED A MINIMUM COMPRESSIVE
STRENGTH oF 4,000 POUNDS PER SQUARE INCH
PRIOR TO TRANSFER OF THE PRESTRESSING FORCE
TO THE CONCRETE.

ALL GIRDERS SHALL BE CAST ON CONCRETE BASED
PALLETS AND IN APPROVED METAL FORMS.




TRANSFER OF THE PRESTRESSING FORCE TO THE
CONCRETE SHALL BE IN SUCH A MANNER AS TO
MAINTAIN FORCES SYMMETRICAL ABOUT THE CENTER-™
LINE OF THE GIRDER. THE CONTRACTOR SHALL
SUBMIT TO THE ENGINEER FOR APPROVAL THE
METHOD AND SEQUENCE OF TRANSFER PRIOR TO
COMMENCEMENT OF WORK-

THE CONTRACTOR SHALL SUBMIT TO THE ENGINEER
FOR APPROVAL THE LOCATION AND TYPE OF LIFTING
DEVICES AND PROCEDURE USED TO TRANSPORT AND
ERECT THE GIRDERS. DURING STORAGE AND TRANS~™
PORT, THE GIRDER SHALL BE SUPPORTED ONLY AT
THE CENTERLINE OF BEARINGe

AFTER TRANSFER OF THE PRESTRESSING FORCE TO
THE GIRDER, ALL STRANDS NOT EXTENDING INTO
THE DIAPHRAGM SHALL BE CUT OFF FLUSH AND THE
ENDS COATED WITH AN APPROVED BITUMINUS OR
EPOXY RESIN-

THE ENDS OF THE GIRDER SHALL BE CAST SO AS TO
BE VERTICAL WHEN ERECTED-.

ToPs OF ALL GIRDERS SHALL BE LEFT ROUGH. AT
THE TIME OF INITIAL CONCRETE SET, ALL
LAITENCE SHALL BE REMOVED WITH A COARSE WIRE
BRUSH AND THE TOP OF THE GIRDER ROUGHENED TO
AN APPROXIMATELY 1/4 INCH AMPLITUDE.

AT THE CONTRACTOR’S OPTION, ONE HIGH-STRENGTH
SEVEN-WIRE STEEL STRAND 3/8 INCH DIAMETER OR
LARGER STRESSED TO A TENSION OF APPROXIMATELY
12,000 PouNDS EACH MAY BE USED IN LIEU OF
EAcH 5G03 BAR.

STiIrRRUPS 5601 AND 5G02 SHALL BE PLACED AND
TIED TO THE TOP OF THE BOTTOM ROW OF PRE-
STRESSED STRANDS. BAR 4G02 SHALL BE PLACED
AND TIED TO THE BOTTOM OF THE BOTTOM ROW OF
STRANDS AND SHALL ENCLOSE THE STRAIGHT
STRANDS -

THE CONTRACTOR SHALL SUMBIT TO THE ENGINEER
FOR APPROVAL PRIOR TO COMMENCEMENT OF WORK 2
COPIES OF SHOP DRAWINGS AND CALCULATIONS-
THE DRAWINGS AND THE CALCULATIONS SHALL SHOW
THE METHOD AND SEQUENCE OF GIRDER CONSTRUC-
TION, INCLUDING BUT NOT LIMITED TO FORMING,
CASTING, STRESSING, CURING, STORAGE, TRANS-
PORTING, AND ERECTION OF THE GIRDER-.
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DECK PLACING NOTES

LONGITUDINAL CONSTRUCTION JOINTS SHALL NOT BE PERMITTED
OTHER THAN ALONG THE CoONSTRUCTION CENTERLINE-.

TRANSVERSE CONSTRUCTION JOINTS SHALL BE LOCATED IN ACCORD-
ANCE wITH THE DECK PLACING SEQUENCE. AL (1) PLACEMENTS
SHALL BE MADE BEFORE (2) PLACEMENTS ARE STARTED AND ALL (3)
PLACEMENTS MADE BEFORE (4) PLACEMENTS ARE STARTED-.

ALL REINFORCEMENTS FOR EACH BRIDGE HALF SHALL BE IN PLACE
PRIOR TO BEGINNING DECK CONCRETE PLACING. REINFORCING FROM
EAST HALF SHALL EXTEND THROUGH CONSTRUCTION JOINT.
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, suggested in Sec. 2.3.3, an effective bearing stress design criterion

for post-tensioned anchorages is:

£, _=0.8 f; JAZ/AI < 1.33 £’ (3.18)
all { 1
where fb = pérmissible concrete bearing stress under the anchor
plate of post-tensioning tendons
Al = bearing area of anchor plate

Az = maximum area of the portion of the anchorage surface
that is geometrically similar to, and concentric with,
the area of the anchor plate

fé compressive strength of concrete at time of initial
i prestress.

3.6 Suggested Code or Specification
Requirements

The general design criteria and recommendations contained in
. Secs. 3.4 and 3.5 are difficult to reduce to simple, concise language
suitable for direct inclusion in regulations such as the AASHTO

,
/
{
NG

Specifications or the ACI Building Code. The provisions are best
expressed as general performance requirements in the Specification
or Code but with accompanying commentary indicating possible ways of

satisfying the performance requirements.

Section 3.6.1 contains suggested performance requirements and
Section 3.6.2 provides more detailed commentary text to assist

designers and fabricators in meeting these requirements.

3.6.1 Code Provisions

A.0 Notation

Aps = nominal area of post-tensioning tendon (in.z)

f = specified tensile strength of prestressing tendons
(psi)
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A.1 Post-Tensioned Tendon Anchorage Zones

A.1.1 Reinforcement shall be provided where required in tendon
anchorage zones to resist bursting, splitting, and spalling
forces. Regions of abrupt change in section shall be adequately
reinforced.

A.1.2 End blocks shall be provided where required for support
bearing or for distribution of concentrated prestressing forces.

A.1.3 Post-tensioning anchorages and supporting concrete shall
be designed to resist maximum jacking forces for strength of con-
crete at time of prestressing.

A.1.4 Post-tensioning anchorage zones shall be designed such that
the minimum load producing cracking along the tendon path shall
be at least equal to 1.10 f_ A _.

pu ps
A.1.5 Post-tensioning anchorage zones shall be designed such that
their minimum strength shall be at least equal to 1.60 fpuAps'

A.1.6 Supplementary anchorage zone reinforcement required for
control of cracking or development of minimum strength may con-
sist of passive reinforcement such as spirals or orthogonal
closed hoops or mats. Active reinforcement such as lateral post-
tensioning may be used.

A.1.7 Supplementary reinforcement such as spirals shall be pro-
vided to resist web face rupture in regions of high tendon
curvature when multiple strand tendons are used.

A.1.8 Unless structural adequacy is demonstrated by comprehen-
sive tests or a more comprehensive analysis, anchorage bearing
stress at 1.1 fpuAps shall not exceed

= 4 < i
fb 0.8fc JAZ/A1 1.33£c
i i
where fb = maximum concrete bearing stress under the anchor

plate of post-tensioning tendons

A. = bearing area of anchor plate

A. = maximum area of the portion of the anchorage surface
2 that is geometrically similar to, and concentric
with, the area of the anchor plate.

£’ = compressive strength of concrete at time of
L initial prestress.
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,\. 3.6.2 Commentary
C.A.1 The general problems of anchorage of post-tensioned tendons
are significantly different from the development of pretensioned
reinforcement. Items concerning pretensioned element anchorage
zones such as now included in AASHTO Sec. 1.6.15 should be put in
a separate section.

C.A.1.1 This general performance statement alerts the user to the
fact that the actual stresses around post-tensioning anchorages
may differ substantially from those obtained by means of usual
engineering theory of strength of materials. Consideration must
be given to all factors affecting bursting, splitting, and spall-
ing stresses. A refined strength analysis should be used when-
ever possible considering both the cracking and ultimate limit
states.

C.A.1.2 Wwhere convenient, widening of the anchorage region to
distribute the high localized forces is an effective way of
reducing bursting and spalling stresses and raising the cracking
and ultimate capacities. The effect of increased width is indi-
cated in Eq. A in Sec. A.l.4.

prestress applied and the concrete strength at time of application
must be considered. This is particularly important with stage
prestressing.

C.A.1.3 1In application of all anchorage zone design the level of
(‘)

C.A.1.4 It is highly desirable that the anchorage zone remain
uncracked at service levels to protect this vital area from
corrosive and freeze-thaw deterioration. This can be ensured by
proportioning the anchorage zone so that the cracking load is
greater than any anticipated stressing load. In this propor-
tioning the anchor zone can be designed to remain crack free
without supplementary anchorage zone reinforcement by use of
Eqs. A through D, The zone can be designed to remain surface
crack free through provision of supplementary reinforcement
which will raise the level of the cracking loads as indicated by
Eqs. E through G. The service load level specified 1.10 £ A
contains allowances for jacking errors, material toleranceg? ps
and a margin of variability. '

C.A.1.4.1 Cracking loads. The cracking load for thin web
post-tensioned sections without supplementary anchorage zone
reinforcement can be determined for certain coanditions as:

‘@
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fep t 103
: p__ =t 522(38a - 120) - 5l26 - 252(e/a)E ] - 13era) - 7| @

i |
+ 392’ + —2B[166 - 975(a’/t)?] - 9.1

where Pcr = cracking load in kips

e = tendon eccentricity (in.)
2a = section height (in.)
2a’ = width of anchor plate (assumed square, in.)
= gection thickness (in.)
= tendon incliﬁacion at loaded face (degrees)
= split cylinder tensile strength (ksi)
sP may be estimated as 6.5 qu psi)

All variables are illustrated in Fig. A.1 (Fig. 3.1 in text, not
repeated). Limitations on the use of Eq. A assume

e, B are both positive as defined in Fig. A.l \

0.05 < t/2a < 0.25 \

anchors are assumed square, plate type

single tendon anchored in the web. |
|
\

an oo

The equation can be easily extended to other practical applications
as shown in Fig. A.2 (Fig. 3.2 in text, not repeated).

For sections which do not meet the above criteria cracking
loads can be obtained using three-dimensional finite element
analysis techniques, or by comprehensive physical tests.

The cracking load can be calculated from a three-
dimensional finite elemeat computer analysis which has been
calibrated to extensive physical tests. One such calibration
indicates:

1. The maximum spalling strain (transverse tensile strain
parallel to the loaded face) at the anchor plate edge
must be calculated. For most cases this will require a
detailed mesh refinement in the vicinity of the anchor
plate edge following a preliminary analysis with a coarse
grid. This is particularly necessary for inclined tendon
blockouts with square corners. Anchorage zone reinforce-

y ment need not be modeled for this analysis.




.

@

®

110

2. The peak spalling strain corresponding to a load of 1 kip
should be computed. The approximate cracking load (for a
section without supplementary reinforcement) can be cal- ®
culated as follows:

€ .
cr
Pcr € kip (FEM) (B)
where P P." cracking load (kips)
e " threshdld‘cracking strain (de)
€1 kip (FEM) = peak spalling strain at plate edge from

program with unit post-tension load of 1
kip.

Calibration studies indicate that appropriate values of
€ are 172 ye for plate anchors with straight tendons
335 1092 pe for plate anchors with inclined tendons in
which a right angle blockout is used.

For other than plate bearing-type anchorages, the cracking
loads obtained from Eqs. A and B should be modified as follows: .

Conical Anchor Pcr = 0.61 Pcr (plate) ©)

Bell Anchor Pcr = 1.08 Pcr (plate) (D)

These coefficients apply only when the anchorages present
approximately the same proiected bearing area.

In any physical tests to determine cracking loads, the
conditions to be expected during construction of the actual
structure must be replicated as precisely as possible. These
include the effects of tendon eccentricity, inclination, curva-
ture and multiple strands, as well as anchor size, section width
and height, and supplementary reinforcement.

C.A.1.4.2 Effect or Reinforcement on Cracking --Cracking loads as

calculated from Eqs. A through D represeat the minimum value to

be expected for a section with no supplementary reinforcing in

the anchorage zone. The addition of supplementary reinforcing

will raise both the cracking and ultimate load. For sections

provided with spiral, orthogonal, or active reinforcement designed

in accordance with A.1.4.6, the cracking load can be determined

as :




111

. ’ - -
Spiral Reinforcement: Pcr (2.03 0'0329)Pct (E)
Orthogonal Reinforcement: Pér = (1.61 - 0.0196)1’cr (F)
Active Reinforcement: r;r = (2.37 - 0.03726)P__ ©)

where P;r = cracking load for the reinforced section (kips)
@ = angle of tendon inclination (degrees)

P = cracking load for the unreinforced section as
calculated above (kips)

C.A.1.5 The proper development of the post-tensioning force in
unbonded tendons and prior to completion of grouting in bonded
tendons is completely dependent on proper anchorage of the ten-
dons. The anchorage capacity must be greater than any antici-
pated tendon load with a reasonable factor of safety. The
capacity specified 1.60 fpuAps contains allowance for tendon
tolerances, actual strength range rather than guaranteed minimum
strength, and a margin of safety against the explosive type
failure which would occur if an anchorage zone failed.

The ultimate load for sections without supplementary
anchorage zone reinforcement is conservatively assumed to be
equal to the cracking load. With the addition of reinforcement
designed according to A.1.6 the ultimate load will be:

No Supplementary Reinforcement: Pult = Pcr (H)

Spiral Reinforecement: Pult = (3.18 - 0.0536)Pcr (1)

Orthogonal Reinforcement: Pult = (1.71 - 0‘0176)Pcr )

Active Reinforcement: Pult = (3.89 - 0.06408) (K)
where Pult = ultimate load for the reinforced section (kips)

2] = angle of tendon inclination (degrees)

Pcr = cracking load for the unreinforced section as

calculated above.

C.A.1.6 In order to obtain the strength increase indicated in
Eqs. E through K, supplementary anchorage zone reinforcement
must meet the following minimum requirements.

C.A.1.6.1 Spiral Reinforcement--Spiral confinement must be ade-
quate to resist cracking and fully deve