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CDNCEPI' REFDRI'

CHANNEL fiVER DESIGN" ALTERNATIVES

ARIZONA CANAL DIVERSION afANNEL, FHOENIX, ARIZONA

l. FURFDSE: 'll1is sb.ldy is to evaluate alternative design concepts which
would allaY future decks to be placed over concrete d1annel walls at various
locations alOI1<J the Arizona Canal Diversion Olannel to allow for CClIlll'erCial
oonsb:uction over the dlannel.. 'Ihis study provides:

a. 'Ihe concept design incl1.1din;J concept sketches.
b. Estilnates of cx::>sts.
c. Inpact on design sd1edules.
d. A narrative c:arparing two (or nnre) alternative plans.

2. <nK:EPI'S: 'Ihe alternatives specifically aQlloessed in this sbrly inc:llrle
an qleI1 dlarmel. with starrlard design walls am irwert. '!his section is labled
Alternative A in attached tables. 'Ihe stamard channel design was altered to
provide strergthened walls am irwert (footi.nJs) sudl that a future deck
system <::a1ld be placed on tq> of the walls withalt further significant
structural m::xli.fications. 'lhi.s concept is labeled Alternative B on the
attadled Cost Slmmal:y sheets. Also requested was a system that \«lli.d allow a
future deck system to be installed in:1eperrlent of the dlannel. structure; Le.,
a structure that would bridge the entire dlannel. st.nK::t:ure wit:.haIt using that
sb:.ucture for any of the deck SUH?Ort. '!his concept is labeled Altenlative C
on the attad1ed Cost St.nmnal:y sheets.

we have (although not requested) also included for consideration am
comparison two cast-in-place box culvert sections in lieu of an open channel
section with future ClJVer to be installed. 'Ihe sections considered were a
double 30' X 21' l:x:>x and a single 40' X 21' l:x:>x. These concepts are labeled
Alternative D on the attached Cost S\..nnrrary sheets.
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4. CDST SUMMARY (Con I t) : AI.lI'EmA'l'IYE cn3T a::MPARISONS

ALTERNATIVE 24'lli ST. 7'lli ST. CENrRAL AVE. 19'1lt AVE. 19'rn AVE.
40' WIDIH 50' WIDIH 60' WIDIH 60' WIum 60' WIDTI:1
CIR SPAN CIR SPAN CIR SPAN CI.R SPAN ClR SPAN
460' DECK 260' DECK 120' DECK 165' DECK 180' DECK 'IDTAL

A. Starrlard Rect. Channel $ 399,740 $ 235,560 $ 113,040 $ 155,430 $ 169,560 $1,073,330

B. Strengthen Channel with Future Deck construction

Walls & Invert $ 463,220 $ 271,440 $ 128,400 $ 176,550 $ 192,600 $1,232,210
Deck $ 299,000 $ 243,880 $ 144,000 $ 198,000 $ 216,000 $1,100,880

Total: $ 762,220 $ 515,320 $ 272-,400 $ 374,550 $ 408,600 $2,333,090

cost Diff (Present) $ 63,480 $ 35,880 $ 15,360 $ 21,120 $ 23,040 $ 158,880
Cost Diff (Future) $ 299,000 $ 243,880 $ 144,000 $ 198,000 $ 216,000 $1,100,880

cost Diff (Total) $ 362,480 $ 279,760 $ 159,360 $ 219,120 $ 239,040 $1,259,760

C. C1lannel with Irrleperrlent Future Deck am caissons

Total: $1,173,920 $ 771,940 $ 423,240 $ 581,955 $ 634,860 $3,585,915

Cost Diff (Present) $ -0- $ -0- $ -0- $ . -0- $ -0- $ -0-
cost Diff (Future) $ 774,180 $ 536,380 $ 310,200 $ 426,525 $ 465,300 $2,512,585

Cost Diff (Total) $ 774,180 $ 536,380 $ 310,200 $ 426,525 $ 465,300 $2,512,585

D. cast-in-Place Concrete Box OJ1vert

Total: $ 850,080 N/A $ 220,080 N/A N/A $1,070,160

cost Diff (Present) $ 450,340 N/A $ 107,040 N/A N/A $ 557,380
cost Diff (Future) $ -0- N/A $ -0- N/A N/A $ -0-

cost Diff (Total) $ 450,340 N/A $ 107,040 N/A N/A $ 557,380

.~
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For each of the alternative design concepts, because of the different

lccations along the channel, it was necessary to consider alt.erna.tive channel

widths of 40', 50' and 60'. For cost and hydraulic capacity reasons the 50'

cast-in-place rox culvert was not considered to be a viable alternative and

was not included. To provide a clear span over the channel, it was necessary

to increase the spans to 49', 59' and 69' respectively for the previously

mentioned channel widths. '!his clear span length would provide for clearinJ

the toe of the retaining wall footinJ for drillinJ caissons. location maps of

the deck areas studied are attached aloTB with the ex>st comparison tables.

3. APImAaI: 'Ihe design criteria for the decks or box culverts provided for

H-20 load.in;r arrl a 2 ft. earth o::Ner to provide a suitable base for

vegetative grovrt:h. AdditionaJ. earth o::Ner did not seem to be necessary or

desirable at any of the locatiOns urrler consideration. In all cases the rost

figures provided are for only concrete ani reinforciIg steel for cx::nparative-
; :

pn:poses. It is assumed that all other costs related to canstructi.on sudl' as

cleariIg arrl gru1:i:linJ, excavation, structural. backfill, etc. will remain the

sane for all channel cptions.

'!he Berrl1mark (Alternative A) against Wich all other corx::ept:s It.'alld be

cx:rcpared, is the rect.arl3Ular concrete section up to 22' in height ani fran 40'

to 60' in width. 'Ihi.s section was designed ani the estimated cost of

canstructi.on was calculated.

To provide ad:li.tional stren:Jth to SlJR)Ort prestressed box beams for

Alten1ative B, steel ani cx:>ncrete were increased in the Alten1ative A design.

'!he clear span concept (Alternative C) for p.xtting a deck over the

Berrl1mark dlannel section includes the use of drilled caissons with cast-in­

place beams between caissons Sl.Jl:POrt:iDj prestressed concrete box beams foIlllirg

the deck. '!his awroach requires a much lCIDJer clear span, therefore much

larger box beams and very ex>stly drillinJ for caisson placement.



As requested, we. also calculated. deflections probable in the deck

sections. Deflections calculated in the designed oox beam a:wers used were:

'Ihe relative costs are easily seen fran the attadled cost Sl.IIllllarY on the

next page. Of can:-se the sequence of expenlitures is different as is the

potential sarrce of fl.n'rli.rg.

It is not anticipated that the inclusion of designin:.J a deck to CXNer a

d1annel. section nor exterrlin;J the 60' box a.ll.vert section ~d increase the

a.rrrent. schedule for the design of Reach 3 nor shoold it have any inpact on

the schedule of Ream 4.
I
I
I I

! I

I
i

0.706"

0.65"

0.6111

0.5511

70' Span with 4k/ft. load

60' Span with 4. 5k/ft. load

50' Span with 5k/ft. load

40' Span with 5.8k/ft. load

CUe to the very significant costs of installirg a deck over the Benclunark

channel section, it was considered desirable to also provide a comparable

cast-in-place concrete OOX culvert(s) as Alternative 0 to be considered. 'The

use of this concept was acceptable only in the 40' (sirgle) arrl 60' (twin 30')

channel sections due to hydraulic arrl cost considerations, therefore, the 50'

section was not included for consideration.

Other th.in3s considered in evaluatin;J altel:na.tive decks inclu:led the

concenl of restricti..rq inflCMS to the dlannel in deck areas am the

possibility of delayin:.J the project by exterrlin;J the design Ii1ase. A tho:t'Olgh

review of the various specific sites of the decks iniicated that the decks are

of such an insignificant relative size am in such locations that inflCM

cx::>nsiderations are manageable with only minor design IOCdifications.
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5. ~y AND (X)N"CIUSIONS:

'The study indicates that the single IrOSt economical means of provicli.rB

deck area aver the 60 I channel is to construct a cast-in-place concrete lx:>x

a.l1vert. A strengthened concrete channel with prestressed concrete lx:>x beam

deck installed is the most economical option for the 40' d1annel. 'Ihe cost

tables included herein irilicate that the cost differential for these ~

cptions is far less than the future costs of the indeperdent deck qJtion.

CbviaJSly, selection of either of these alternatives precludes the huge future

experrl.iture of installing a clear span deck.

If a naninal initial expense for dlannel mcx:lification is acx::eptable,

Alternative B, whidl 'WOUld allow the installation of a deck saootilne in the

future, bec:x:Jres a viable alternative at an additional initial cost of leSs

than $140 per foot. Havever, the future a:>st for addirq this. deck still

,. varies between $650 am $1,200 per linear foot.

Alternative C incurs no additional initial cx:>sts since the c:harlnel is

installed without alterations havever, the future addition of in:ieperrlently

SUR'Orted deck am ~rt stl:ucture will a:>st between $1,683 am $2,585 per

linear foot. By casual d:Jservation, it can be seen that this Iret:hod of

cx::werin;J exc::eajs the total cost of a I::xJx culvert or dlannel. ani CCNer provided

in the other alternatives.

No cx:>sts are provided for the 50' cast-in-place ex>nerete box culvert since

it has been established by the Q)l:pS staff that this awroadl is unaooeptable

fran a hydraulic view point. Also the 60' box culvert cption is unaooeptable

in the vicinity of 19th Avenue for the sane reason.



40 FCXJI' WIDTH

COST PER LINEAR FCOT

B. Benchmark Channel with Deck.

Added later on st.ren;Jthened Walls

Walls & Invert $ 1,007 $ -0- $ 1,007

Deck $ -0- $ 650 $ 650

Total: $ 1,007 $ 650 $ 1,657

Cost Differential (B-A) $ 138 $ 650 $ 788

C. SpanJ'lin;J OVer Bendm1ark Cllannel.

with Drilled caissons for SUH?ort

Walls & Invert $ 869 $ -0- $ 869

Beams & C3; ssons $ -0- $ 1,683 $ 1,683

Total: $ 869 $ 1,683 $ 2,552

Cost Differential (C-A) $ -0- $ 1,683 $ 1,683
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ALTERNATIVE

A. l3en<::hnark Rectangular Channel

D. cast-in-Place Concrete

Box CUlvert

Cost Differential (D-A)

ORIGlliAL

COST

$ 869

$ 1,848

$ 979

FUIURE

COST

$ -0-

$ -0-

$ -0-

'I01'AL

COST

$ 869

$ 1,848

$ 979
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UNIT a:sr BRE'AKIXMN 'ID BE FRJVIDED SEPARATELY





I
I 50 FC0I' wrorn:

cnsr PER LINEAR FC0I'

I ORIGINAL FUIURE 'IOI'AL

• cnsr cnsr cnsr

A. BenchmarkR~ar 01annel $ 906 $ -0- $ 906

B. Ber1dlmark 01annel with Deck

Added later on strengthened Walls

Walls & Invert $ 1,044 $ -0- $ 1,044

Deck $ -0- $ 938 $ 938

Total: $ 1,044 $ 938 $ 1,982

Cost Differential (B-A) $ 138 $ 938 $ 1,076

C. Sparln:in:J Over l3eIrlmlark 01annel

with Drilled caissons for SUI:POrt

Walls & Invert $ 906 $ -0- $ 906

Beams & caissons $ -0- $ 2,063 $ 2,063

Total: $ 906 $ 2,063 $ 2,969

Cost Differential (C-A) $ -0- $ 2,063 $ 2,063



60 FtXYr WIorn

msr PER LINEAR FtXYr

I, ORIGlliAL

CX>ST

FUIURE

CDST

'IUI'AL

msr

C. Spanni.n;J OVer Bend1Inai"k <1lannel.

with Drilled caissons for suwort

Walls & Invert $ 942 $ -0- $ 942

Beams & caissons $ -0- $ 2,585 $ 2,585

Total: $ 942 $ 2,585 $ 3,527

Cost Differential (C-A) $ -0- $ 2,585 $ 2,585

A. BenchmarkR~ar O1annel

B. Benchmark Cllannel with Deck

Added later on~ Walls

$ 942

$ 1,070

$ 1,200

$ 2,270

$ 1,328

$ 1,834

$ 892

$ -0-

$ -0­

$ 1,200

$ 1,200

$ 1,200

$ -0-

$ -0-

$ 942

$ 1,070

$ -0­

$ 1,070

$ 128

$ 1,834

$ 892

Cost Differential (B-A)

Walls & Invert

Deck

Total:

Cost Differential (D-A)

D. cast-in-Place Concrete

Box OIlvert
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SHT. NO.

OF 04

JOB NO.

DATE 1/11/88

BY EMP

c

ARIZONA CANAL DIVERSION

CHANNEL
PHOENIX, ARIZONA & VIONITY

ALTERNATIVE A

22'-0" DEEP CHANNEL

12 "

,
PLUMI"ER HASAN & ASSOCIATES

CONSUL TING ENGINEERS, INC.

f-I~
OST PER LINEAR FOOT

r ,.. ' ...;.'......'}~l 40' CHANNEL: $869,
I 50' CHANNEL: $906

2" CLR.
60' CHANNEL: $942

#4 AT" 12"
2" CLR. (

#6 AT 15'~ _ -• .
l- •

#4 AT 24" .......

~
~#4 AT 24"

~17- c::
N -'

.i-
,

rz
#4 AT 24" ,

1'--#4 AT 16"
2" CLR....... -

,
- #4 AT 8" 0- J,..-G I

0 0 -, ,
~- - ......

N N...... ...... -
I- #4 AT 24" ~

I
0

I _ .' I .#5 AT 12"-
/?#4 AT 24" #4 AT 18" {../L t /2"CLR.

<oT

2%
./: .:

, -/

= + t '-='1' .0-;. \"" . -:-f-
<oT j~,

"-- #5 AT 12"- r.-. t 3" CLR .N, .
#5 AT 24"V'1 I
#10 AT 15"

I
# 9 AT 15" 7'-0"

#8 AT 15"
12'·0"

6" -1\ 2'-2" 19' -0"

! ~ I ... :>

o

-
N
N

~
I
I
I
I
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pl.UMMER HAS'AN ~ ASSOCIATES

CONSUL liNG ENGINEERS, INC.

ARIZONA CANAL DIVERSION

CHANNEL
PHOENIX, ARIZONA & VICINITY

JOB NO.

DATE 1/11/88

BY EMP

SHT. NO.

OF 05

COST PER LINEAR FOOT

.'. ...
., -':.

,-;-------

L_.::. __ ~__ ~

/ 40' -0"

'4 AT 10" O.C.

',a AT 6 11 D.C.

2" CLR. BOTH FACES .

--

/~FIXED BEAP.ING FILL W/GP.OUT.

J
//

/:
~ ,.·21" X 48" BOX P.C.

WALL .----. '/ /' PRESTRESSED
80X GIRDER.

1" Ii DOWEL 1
2" ~ X 1'-6"
DEE? HOLE.

#4 AT ·24" O~C.

#6 liT 15" D.C.

; ORIGINAL . FUTURE

I.. . :.CQSJ __.. _; .COST __ !.JOTAL ..:
fJNVE;RT ..YVAL.l-S ' ..~007 _:_._~._. __j $ 1,007
!DECK . 0 : $ 650 j $ 650 ,
I··· .. .•....-.--.. -- - ..- ...•- .. - ..,.---- -,

lIPTAL ~. _~_2'_?9.!... ;._~. 65_0. __ L~_.~.c.?_~.7_.:

.
o,

#4 AT 8" D.C.

-,-_-~4 AT 24" O.C.

_----#6AT 15" D.C.

#4 AT 10" O.C.
liT STRAIGHT WIILL.

." CLR. BOTH FIICES.

1"-_---#8 liT 6" O.C.

-
.---j~ ~4 AT 16" a.r.. ::;

14"

~"-------l

.-- .,'./J;:Y;/ .. - - - ..~
....'.

JE<D
, C>-

. - <
N -'

~.

I
I
I

I

-
~,

x
<::
.::::

#4 liT 18" D.C.

#5 AT 12" O.C._..

#5 liT 12" D.C.

#4 liT 24" D.C. J-
ex>

T~ :~. . . "~=~ . --:.
~. i no AT 15" 0.;

ALTERNATIVE· B

'" a:

l~l ~ -~~~):'OO~ c,
_t_ -rrL- ~'--

~'I! " I --~7;~
< ~L__.L-- -~~-=;-:" f) r---··--l·\·

~,~ AT is" OC: \~ r,T 15" O.C. l'·()"

1? I -0 ,.
.. _ ....._. _ .. . __0_. ·_--------------

!V·c·"IZ'.,~----_---.. -.- I.~.'C--------------->-oj

40'-0" WIDE CHANNEL WITH DECK ADDEO LATER
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6Hl. N'::'.

or DG

50'-0"

. ",:"

,--------
I
I
I - . -':,
L __ .:- --'-- :.- ~-_

'-- ·27" X 48" BOY. P.C.
PRESTRESSED
BOX GIRDER.

_~ 18 AT 6" O.c.
.._64 AT 10" O.C.

2" CLR. BOTH FACES.

JOe N:".

DATE 1/11/88

BY EMF'

Ld

1
1 ~

T

r'"-:
t. -~
r.·'

.----1-,-.('j
(j
(I
cl
I J

64 AT 24" O.C.

#6 AT 15" D.C.

1" 0 DOWEL IN
2" 14 X 1'-6"
DEEP HOLE.

-
<:>,

*4 AT 8" O.C.

COST PER LINEAR FOOT

ARIZOhlA CANJ\L DIVERSIOi·J

CHANNEL
PHOENiX. ARIZONA 8 VIClhJiT Y

._---"4 AT 24" D.C.

~--ij6AT 15" D.C.

f4/1T 10" O.C.
AT STRAIGHT WALL.

" CLR. BOTH FACES.

Lk.-_--- #8 AT 6" D.C.

ALTERNATIVE - B

50'-0" WIDE CHANNEL WITH DECK ADDED LATER

-
~U----__-~4 AT 16" D.C. :::

e­,-
'"

I

; ORIGINAL FUTURE

;. .. . . .~._CQ$T_._~·.cOSI .. .L_IQJAL

~~KRI~~U~-:$ 1~~~_ '•. $9038 _~~~'
T"" ,.-,,7~'7Il---_____,__~~=_tiIQIA!- - -_.: $ 1.04~_J~938 LL;'B~'~~;:lL"IG",UL

(ll'ALL·~1

I

PLUM/.CR HASAN l. ASSOCIATES

CONSUL TING ENGINEERS, INC.

Q,
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:I I

I'•i'
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______.. '8 liT 6" O.C. -

1-E-_~60,-'-;.0.,;..." ... ~

JOE! N:".

DATE 1/11/88

BY EMP

'1-,
...... 33" X 48" BOX."P.C •

PRESTRESSED .
~ BOX GIRDER.

. 64 AT 10" O. C •

.1

2" CLR. BOTH FACES.

~~

•

'",

N4 AT 24" O.C.- b
#6 AT 15" O.C."-..

1" Il DOWEL IN,
2" Xl' -6"
DEEP HOLE.

-
Cl,

1-------_· .

COST PER LINEAR FOOT

ARIZON/\ CPJ~/\L DIVE HSIOr~

CHANh!EL
PHOENIX, ARIZor'-JA 5. VICINi1 Y

I-~

LJ..--_----/8 liT 6" D.C.

._I---------t/6AT IS" O.c.

ALTERNATIVE - B

60'-0" WIDE CHANNEL WITH DECK ADDED LATER

___.J/·4 liT 24" O.C.

!'Yl-----

~l-1- --'fJ4 AT 16" O.C. ~

.~
"~-..ct- _

, #4 liT 8" D.C.

o,
-
<'oJ

- ---·-··----···---r· .... _.- _ .....

. ORIGINAL: FUTURE
I

! COST : £QS.T JD
[VEB:i~vfALLS$l.0iOi 0 - is 1~%

ECK O! $1,200 1$1,200

~-.- -- ~- j TQJ6_C~~~ ~~:-~,670 ;~_-t$ 2,270

r-~-----'~Y/»,% - ----- <i; WALL·./ -------.~ .___--. FIXED BEARING FILL W/GRDU,

';; ...--
~ ( ://
~ ~N4AT 10" O.C. ITirfM.~l'----r-----~-

AT STRAIGHT ~IALL. iF, I

2" CLR. BOTH FACES. Hl I
,...~---I--d I

1:.1 I

:~ ~ I
r:1 L_~ __
::1

'::0,-
<'oJ

'"

PLUh~MLn HASAN t> ASSOCIATES

COt-JSU:- TING ENGINEERS, INC.

.,
,

.,,
•-
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: . 3'-0" X 3'-0" SQ.n i n CAP BEAM.
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49'-0" CLEAR SPAN
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~ f
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r- m
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" Z
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!B ~
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CIJ
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o » N
m z 0
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r
»0
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N Z
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» 0
Qo <
< ~
o (J)

z 0
-1 Z
-<

C%l Cl ~
-< >- OJ

~ ~
m ......
s:::
v ......

---co
co

o CIJ
"ll :I:

-l

o 5co

4JL~~

4'-6" AT
BOTT. ~

~

40':-0"

i 2'-0" FILL OVER
~ I hOX GIRDERS.~

ALTERNATIVE - C

40'-0" WIDE CHANNEL

COST PER LINEAR FOQT: $2.552:

~ CHANNEL·
RETAININGiWALL.

I y4'-6" AT
1/1 BOTT.

27" X 48" BOX P.C
PRESTRESSED
BOX GIRDERS.

~
~

~

30" 0 DIA.-~ I

PILE. AT
16'-0" a.c.

.... ' ,I, ~.'.
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~ <t. CHANNELr----------- CHANNEL I

RETAINING IWALL.-

••• -.t __ ••~

. 2'-0" FILL OVERI ~BOX GIRDERS.

'Ii
--

o \)o r
Z C
(J) 3:
c 3:
r' m
j JJ
Z J:
Q )-
m· (/)
Z :>
Q Z

~ po

~ ~
!IJ 8- ()Z _
() :>

n1
(/)

""DO »
I I ::IJo » Nm Z 0Z Z Z
X m »r-

» 0
JJ »
N Z
0 »
z r
» 0
Qo <

m
< :0
0 (f)

Z 0
...., Z

-<

-
CD 0

~-< :>
-l
m

~.m ....
~::
""D ....

---<Xl
co

-
0 (/)

" :r
-l

0 Z
(D 0

1::

TT¥-3'-0" X 3'-0" SQ.
W CAP BEAM.

-,
-J

~
~

l
4'-6" AT"'k 1\
BOTT. _ I "'l

: ....

-+- - ---~

-

50'to"
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