Flood Control District
of Maricopa County

Design Calculations, Quantities

Bush Highway Box Culvert
at Spook Hill Floodway

August 8, 1991

Prepared by

INCA ENGINEERS INC.



INC A

INCA ENGINEERS INC.

BUSH HIGHWAY BOX CULVERT
AT SPOOKHILL FLOODWAY

Contract 91-22

August 8, 1991

TABLE OF CONTENTS

l. DESIGN CALCULATIONS

Il CONSTRUCTION QUANTITIES




ING A

INCA ENGINEERS INC.

I. DESIGN CALCULATIONS




1 INCA srto 2o

INCA ENGINEERS INC. Job Number _5491202
| I,\ TmE  PusE  HisHhwoty Box COWELT

SUBJECT _ CACCIU AT IMNDE X

MADE BY 7% paTe (,1/7//\3/ CHECKED BY ){2)/; L pate_6/11)9)

INDEX T STAOCTULAL CALLUCATIONS

SurJECT <SteeT NOo.

T. ek sHeET (

L. IDLET WIRGWALL ANACTSS 2=
T . (0LeT WINGWALL DESIGRD 4 - <
T, OUTLET WIRGRALL ANALYSIS L= 1
.. OUTLET WINGWAU- DESIGN 12 - 3
YL ., CAST - IN— PLACE CULIEET ANRAUKIS A
VL, CAST- D -PLACE CULVERT DESIGN =19
T . HeEADWALL DESIEN 20

|




INCA Sheet No ‘ of

INCA ENGINEERS INC. Job Number _£% (202

TTLE __BuSH HieHwaY BoX CULVELT
SUBJECT _CoJEL SierT

)

MADE BY /4 DATE (,/7/9/ CHECKED BY f/@g DATE__L })))9)
Descg (PTloN -

EXPANSION oF EXISTING CAST- N -PLAceE 2~ BALLeL
BoxX CONELT (DTo 4— BALELEL . UVUSE ©F FPRECAST
SEGMENRTS AND  ChsT— 1D~ PLALe ENDD SECT70RS.
Pertoypl 40D REPUACEHENT OF WINGWALLS . ALD
NEW OOTLET AFLor> AND HeADwhils, VdSs oF
DILECT IMoodT GULAEDRAIL wHeY Covel De/T-
LeSs THASD Z2-0" .

Desier CRITELIA *

Vi ) , n
AAsHTO STARDALD SPectFcaTIodS Fok FHIGHWM B5L0GES,
1471 €0 Mo (jroTeEfirs THeoveH 1990)

TeAFFIC ' HE 20 —44
SoiL = 120 Pef ( mrx DeprH < Gl-0" )
Lo = 2o per[er PeTrin )G wALLS
= Go ;&F [rr CULVERT wfls

AUoWABLE TOE BEARG Pleesues = [ 23 (27200)
' = 2920 PsF

!

ConcleTe - .= 2 ket @ 28 DAYs

Cemboriime - #Fbo 2AR 4 spmruel L, = 4o te
#7 BAL ¢ (AfGeR L

= D kst

\

XX

‘ -\ -




l,ﬂ SHEET 72 OF
A |
. : RETAINING WALL ANALYSIS ver 3.0 |
i |
| 1
| page 1 |
I I DESCRIPTION:INLET WINGWALLS :
: PROJECT :BUSH HIGHWAY BOX CULVERT :
] FILE:691202 | :
| BY : WRE CHECKED: % |
I i DATE:6-2-91 DATE: /) :
l l
: : ‘
I I 1. SOIL DATA . 4. LOAD CALCULATIONS (UNITS - K,FT) |
| [} I
I I !
: s0il density = 120 pcf ' A) Vertical Loads (plf) - :
I ! active pressure = 30 psf/ft | > pan Lbnsan ft :
lpassive pressure = 250 psf/ft | element Wt . arm moment |
I coeff. friction = 0.30 @H<(20* | l
I coeff. friction = 0.45 @M)=20") |
I I I conc 0.000 1.125 0.000 |
: bounif 0.000 1.125 0.000 |
1 2. LOAD DATA 1 Ttg 0.969 2.584 2.503 |
I : | stem 1.153 1.125 1.297 |
i soil retained = 10:.00 TE , add stem 0.000 1.500 0.000 |
I equiv surcharge = 0.00 ft i key 0.309 0.875 0.116 |
I ; ! soil 4.400 3.334 14 .669 |
: ht above soil = 0.25 ft | sub soil 0.000 1.500 0.000 |
I wind pressure = 0.00 psf } 1
i ! total 6.832 18.585 |
l : unif lat load = 0.00 kl1f } |
! dist above soil = 0.000 ft : 1
I ! B) Lateral Loads (plf) - | :
I ' conc lat force = 0.00 kip ! Ly porn Wnean fE - !
| dist above soil = 0000 L \ loading force arm moment |
I 1 h
| 1 !
l ' unif vert load = 0.000 Kk1f : }
' conc vert load = 0.000 kip , soil 1.898 3.750 7.119 |
: ! surcharge 0.000 5.625 0.000 |
| I wind 0.000 11.375 0.000 |
I I 3. WALL DATA R 0.000 11.250 0.000 |
| | cono 0.000 11 .250 0.000 |
I stem thk @ top = $.00 in | :
' ! stem thk @ bot = .00 in i total 1.898 7.119 |
lgrnd - batr dist = 0.000 ft : |
: | passive = 2.000 kI1f :
I : length of toe = 0.750 ft : :
I length of heel = 3.667 ft : ;
: o Bwerke ' 5. STABILTY & SOIL PRESSURE SUMMARY |
: ftg length = 5.167 ft | :
I | : F.S. sliding = 2.13 (pass )
: ftg thickness = 1.250 ft 1 F.S. overturn = /2/Q (pass )|
l ] resultant loc = 1.68 ft Y(fail)|
l i key depth = 2 7500 | (' +20% Jgpaf
\ key length = 0.750 ft ! Qmax = \_2.714 Ksf sz - |
' toe - key dist = 0.000 ft : Qmin = 0.000 kst |
l : : gradient = 0.539 ksf/ft I
| | i
| 1 |
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] I
| ]
: page 2 |
l : DESCRIPTION:INLET WINGWALLS :
! PROJECT :BUSH HIGHWAY BOX CULVERT :
| FILE:691202 !
: BY : WRE CHECKED: é&f/_ |
: DATE:6-2-91 DATE: _"L[u)4) :
‘ \ ]
Bl - E
‘ ' ! &. MEMBER DESIGN FORCES (Service loads) |
| | ]
i ] |
| ' 'A) Toe Forces - :
| ] |
| |
l I effective depth = 11.00 in l
1 I
] |
| shear force = 0.00 klf (@ distance ’d’) ;
I : shear stress = 0.0 psi }
' bending moment = 0.73 k-ft/ft (@ front face of stem) ;
| |
1 |
! B) Heel Forces - (@ back face of stem) :
| |
} |
l I effective depth = 12.00 in }
] i
1 ]
: shear force = 4 .40 klf ! neglecting :
0 shear stress = 30.6 psi -~ upward soil }
l ' bending moment = 8.07 k-fts/ft _| pressure :
| I
] - I
: shear force = 1.03 kl1f ] including !
l : shear stress = 7.2 psi l—— upward soil i
! bending moment = 4.10 k-ft/ft _) pressure :
] |
s z
I ! C) Stem Forces - :
1 I
| |
' design section dist from thk shear fv moment i
l ! location ftg (ft) (in) (klf) (psi) (k-ft/ft) :
] |
i e
I ' finish grade 10.00 9 .00 0 .00 0.0 0.00 :
| 0.90%xht 9.00 9.00 0.02 0.2 0.00 :
: 0.80xht 8.00 9.00 0.06 0.8 0.04 ;
l : 0.70xht 7 00 9.00 0.14 1.9 0.14 !
} 0 .60%xht 6 .00 39.00 0.24 3.3 0.32 :
| 0.50%xht 5.00 9.00 0 .38 5.2 0.63 :
: 0.40%xht 4 .00 9.00 0.54 7 .5 1.08 |
l : 0.30%xht 3.00 9 .00 0.74 10.2 1.72 :
: 0.20%xht 2 .00 9.00 0.96 13.3 2«56 |
: 0.10%xht 1.00 9.00 122 16.9 3.65 {
l | top of ftg 0.00 9.00 1.50 20.8 5.00 |
| i
I |
| I
] I
I ]
1) ]
I i
1 .
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l : RETAINING WALL ANALYSIS ver 3.0 |
] I
| ]
! page 1 |
I | DESCRIPTION:OUTLET WINGWALLS :
b PROJECT :BUSH HIGHWAY BOX CULVERT |
i FILE:691202 t
i BY : WRE CHECKED?: % i
l : DATE :6-2-91 DATE: __ b 1
I i
E ! !
I I 1. SOIL DATA I 4. LOAD CALCULATIONS (UNITS - K,FT) |
] } I
1 | |
: soil density = 120 pcf ' A) Vertical Loads (plf) - |
I | active pressure = 30 psf/ft | L per limean fE ;
lpassive pressure = 250 psf/ft | element Wt . arm moment |
! coeff. friction = 0.30 @8H<20° | |
I coeff. friction = 0.45 @8HY>=20"| :
I ] | conc 0.000 1.125 0.000 |
i boumdf 0.000 1,128 0.000 |
1 2. LOAD DATA , ftg 1.125 3.000 3.375 |
I 1 | stem 1.266 1 .125 1.424 |
1 soil retained = 11.00 ft | add stem 0.000 1.500 0.000 |
| equiv surcharge = 0.00 ft i key 0.534 0.375% 0.200 |
l : ' soil 5.940 3.750 22.275 |
i ht above soil = 0.25 ft I sub soil 0.000 1.500 0.000 |
: wind pressure = 0.00 psf ! l
| I total 8.865 27 .274 |
l { unif lat load = 0.00 klf | l
| dist above solil = 0.000 ft : i
: ! B) Lateral Loads (plf) - /
l | conc lat force = 0.00 kip | L pn linaan £t |
| dist above soil = 0.000 ft i loading force arm moment |
I ] i
] ] I
l ' unif vert load = 0.000 klf ] !
' conc vert load = 0.000 kip I soil 2.251 4,083 9.191 |
i ! surcharge 0.000 6.125 0.000 |
| | wind 0.000 12.375 0.000 |
I I 3. WALL DATA bounif 0.000 12.250 0.000 |
| ! conc 0.000 12.250 0.000 |
I stem thk @ top = 9.00 in 1 :
I | stem thk @ bot =  9.00 in | Total 2 .251 5191 |
lgrnd - batr dist = 0.000 ft ! |
| | passive = 4.500 klf :
I { length of toe = 0.750 ft I I
! length of heel = 4.500 ft ! f
: PR . B, STABILTY & SOIL PRESSURE SUMMARY |
: ftg length = 6.000 ft : }
I ; : F.S. sliding = 3.18 (pass )|
: ftg thickness = 1.250 ft 1 F.S. overturn = 2.97 (pass ),
; : resultant loc = 2.04 ft (pass),
I : key depth = 4 .750 ft : i
: key length = 0.750 ft : Qmax = 2.896 kst :
' toe - key dist = 0.000 ft ; Qmin = 0.059 kst :
l { ] gradient = 0.473 ksf/ft |
I ] |
| | 1
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I : RETAINING WALL ANALYSIS ver 3.0 :
| ]
1 ]
: page 2 :
I | DESCRIPTION:QUTLET WINGWALLS )
1 PROJECT :BUSH HIGHWAY BOX CULVERT |
: FILE:691202 @ |
: BY : WRE CHECKED: r— |
: DATE:6-2~91 DATE: __6Injq) !
| |
| |
| I ! 6. MEMBER DESIGN FORCES (Service loads) :
| : ' :
' 4) Toe Forces - :
1 I
} I
l ! effective depth = 11.00 in :
] |
] 1
' shear force = 0.00 klf (@ distance ’d’) :
I : shear stress = 0.0 psi |
! bending moment = 0.78 k=ft/ft (@ front face of stem) :
] 1
1 | ;
! B) Heel Forces — (@ back face of stem) |
I ]
] 1
I ' effective depth = 12.00 in ]
| |
I P |
i shear force = 5.94 k1f i neglecting }
: shear stress = 41.3 psi l—— upward soil }
l I bending moment = 12.37 k=~ft/ft _| pressure :
1 ]
1 Py I
I shear force = 0.89 klf | including :
l : shear stress = 6.2 psi l-— upward soil :
I bending moment = 5.59 k-ft/ft _)| pressure :
[} I
? |
I ! C) Stem Forces - !
1 I
| I
I design section dist from thk shear fv moment \
I : location feg (fr) (in) (kl1f) (psi) (k-ft/ft) :
] I
; z
I I finish grade 11.00 $ .00 0.00 0.0 0.00 :
] 0.90%xht 9.90 9.00 0.02 0.3 0.01 i
1 0.80xht 3.80 3.00 0.07 1.0 0.05 '
I | 0.70%ht 7 .70 9.00 0.16 2.3 0.18 :
: 0.60xht 6 .60 9.00 0.29 4.0 0.43 -
: 0 .50%xht 5.50 9.00 0.45 6.3 0.83 :
: 0 .40%ht 4 .40 9 .00 0.65 9.1 1.44 |
l : 0.30xht 3.30 9.00 0.89 12.4 2.28 :
: 0.20xht 2.20 9.00 1.16 16.1 3.41 :
: 0.10xht 1.10 9.00 1.47 20.4 4 .85 !
I ' top of ftg 0.00 9.00 1.81 25 .2 6.65 !
I i
| |
I E |
| I
| I
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l : RETAINING WALL ANALYSIS ver 3.0 {
I |
[} |
| page 1 |
: DESCRIPTION:OUTLET WINGWALLS (W/0 CUTOFF WALL ) ;
I : PROJECT :BUSH HIGHWAY BOX CULVERT :
} FILE:691202 ) }
: BY : WRE CHECKED : __ % :
I ; DATE :6-2-91 DATE::é%fiiI:: :
| i
: : :
I I 1. SOIL DATA ' 4. LLOAD CALCULATIONS (UNITS = K,FT) |
| I |
I ] I
1 soll density = 120 pcf ' 'A) Vertical Loads (plf) - ,
| active pressure = 30 psf/ft | :
I |passive pressure = 250 psf/ft | element Wt . arm moment |
| coeff. friction = 0.30 @H(207 | i
. coeff. friction = 0.45 @H»=20", {
I | I conc 0.000 1.125 0.000 |
: iounif 0.000 1 125 0.000 |
| 2. LOAD DATA | ftg 1.125 3.000 3.375
I : ! stem 1.266 1.125 1.424 |
| soil retained = 11.00 ft | add stem 0.000 1.500 0.000 |
| equiv surcharge = 0.00 ft | key 0.000 0375 0.000 |
: I soil 5.940 3.750 22 .275 |
I { ht above soil = 0 .25 ft | sub soil 0.000 1.500 0.000 |
| wind pressure = 0.00 psf : l
: | total 8.331 27 .074 |
I I unif lat load = 0.00 kl1lf i :
. dist above soil = 0.000 ft | |
| ' B) Lateral Loads (plf) - :
I i conc lat force = 0.00 kip | i
. dist above soil = 0.000 ft  loading force arm moment |
I | I
1 ] I
' unif vert load = 0.000 klf ] l
I i conc vert load = 0.000 kip . soil 2.251 4,083 9.191
i ! surcharge 0.000 6.125 0.000 |
| \ wind 0.000 12: 375 0.000 |
I I 3. WALL DATA L unif 0.000 12250 0.000
| ! conc 0.000 12.250 0.000 |
I stem thk @ top = 9.00 in i :
I : stem thk @ bot = 9.00 in I total 2.251 $.191
tgrnd - batr dist = 0.000 ft : :
| | passive = 0.195 klf :
{ length of toe = 0.750 ft 1 |
I I length of heel = 4,500 ft : i
: N S . I 5, STABILTY & SOIL PRESSURE SUMMARY !
: ftg length = 6.000 ft : '
I ! : F.s. sliding = (fail)!
; ftg thickness = 1.250 ft \ F.S. overturn = 2. (pass )|
1 I resultant loc = 2.15 ft (pass)|
I : key depth = 0.000 ft :5k{-JK- ]
: key length = 0000, fils 2 e APRON  Qmax = 2.573 ksf |
! toe - key dist = 0.000 ft | STRUCTULALLZ  Qmin = 0.204 ksf :
I : 'ATTACHED gradient = 0.395 ksf/ft
] } ' I
| | |
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RETAINING WALL ANALYSIS ver 3.0

page 2
DESCRIPTION:QUTLET WINGWALLS (W/0 CUTOFF WALL )
PROJECT :BUSH HIGHWAY BOX CULVERT

FILE:691202
BY : WRE CHECKED =
DATE:6-2-91 DATE :

6. MEMBER DESIGN FORCES (Service loads)

A) Toe Forces -

i

effective depth 11.00 in

0.00 klf (@ distance ’d’)
0.0 psi
0.70 k-ft/ft (@ front face of stem)

shear force
shear stress
bending moment

o

B) Heel Forces - (@ back face of stem)

effective depth = 12.00 in
shear force = 5.94 kl1f : neglecting
shear stress = 41.3 psi l—— upward soil
bending moment = 13.37 k-ft/ft _| pressure
shear force = 1.03 kl1f “: including
shear stress = 7.1 psi I =— upward soil
bending moment = 5.36 k-ft/ft _| pressure
C) Stem Forces -
design section dist from thk shear fv moment
location frg (ft) (in) (klf) (psi) (k-ft/ft)
finish grade 11.00 9.00 Q.00 0.0 0.00
0 .90%xht 9.90 9.00 0.02 0.3 0.01
0.80xht 8.80 9.00 0.07 1.0 0 <O
0.70%xht 7.70 9.00 0.16 2.3 0.18
0.60xht 6 .60 9.00 Q.29 4.0 0.43
0.50%xht 5.50 9.00 0.45 6.3 0.83
QO .40%xht 4 .40 9.00 0.65 9.1 1.44
0.30%xht 3.30 9.00 Q.89 12 .4 2.28
0 .20xht 2.20 3.00 1.16 16.1 3.41
0. 10xhi 1.10 9.00 1.47 20 .4 4.85
top ot ftg 0.00 9.00 1181 25.2 6.65
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. ! |
l : RETAINING WALL ANALYSIS ver 3.0 |
] ]
] ]
! page 1 |
I : DESCRIPTION:OQUTLET WINGWALLS (W/0 CUTOFF WALL ) -
| PROJECT:BUSH HIGHWAY BOX CULVERT {
4 FILE:691202 @g :
i BY : WRE CHECKED = -
. : DATE :6~2-91 DATE: f'gitiéi :
] ]
E ! E
l i 1. SOIL DATA ' 4. LOAD CALCULATIONS (UNITS = K,FT) |
] I !
I I |
- s0il density = 120 pcf ' A) Vertical Loads (plf) - i
| active pressure = 30 psf/ft | ;
l |passive pressure = 250 psf/ft | element Wt . arm moment |
i coeff. friction = 0.30 @H<¢20°* | :
L soatte Friction = 0.45 @H»=20"| |
l : I conc 0.000 1.125 0.000 |
I bounif 0.000 1.125 0.000 |
1 2. LOAD DATA i o 0.969 2.584 2.503 |
I ! ! stem 0.951 1.125 1.069 |
l s0il retained = 8.20 ft I add stem 0.000 1.500 0.000 |
! equiv surcharge = 0.00 ft 1 key 0.000 0.375 0.000 |
i bosedl 3.608 3.334 12.028 |
. : ht above soil = 0.25 Tt | sub soil 0.000 1.500 0.000 |
: wind pressure = 0.00 psf } |
| ! total 5.528 15.601 |
l | unif lat load = 0.00 kl1f | |
, dist above soil = 0.000 ft | |
} ' B) Lateral Loads (plf) - ‘,
l | conc lat force = 0.00 kip | |
| dist above soil = O .000 L | loading force arm moment |
I 1 I
| ] !
I unif vert load = 0.000 klf . |
l i conc vert load = 0.000 Kkip | soil 1.340 3.150 4,220 .|
: ! surcharge 0.000 4.725 0.000 |
| | wind 0.000 9.575 0. 000,
I I 3. WALL DATA R 0.000 9.450 0.000
{ ! cone 0.000 9.450 0.000 |
| stem thk @ top = 9.00 in : :
I I stem thk @ bot = $9.00 in \ total 1.340 4.220 |
lgrnd - batr dist = 0.000 ft : : |
i | passive =  0.195 klf P
: length of toe = 0.750 ft : : |
' i length of heel = 3.667 ft : : |
i 5. STABILTY & SOIL PRESSURE SUMMARY -|
: ftg length = 5.167 ft : {
I : : F.5. sliding = 1.38 ( Faq 1l
: ftg thickness = 1.250 ft l F.S. overturn = 3.70 (pass )|
: : resultant loc = 2.06 ft (pass))
I : key depth = 0.000 ft : :
: key length = 0.000 ft i Qmax = 1.722 ksf :
: toe - key dist = 0.000 ft : Qmin = 0.418 kst :
l : ' gradient = 0.252 ksf/ft ,
} I 1
} 1 |




| ' SHEET /] OF
A :
. H RETAINING WALL ANALYSIS ver 3.0 :
! | 1
\ ] I
| I page 2 |
i ! DESCRIPTION:QUTLET WINGWALLS (W/0 CUTOFF WALL ) !
| I : PROJECT:BUSH HIGHWAY BOX CULVERT |
! FILE:691202 V) 5
! BY : WRE CHECKED: |
l : DATE:6-2-91 DATE : 2/9 :
I |
: |

]

l ! &. MEMBER DESIGN FORCES (Service loads) :
| | |
] I
' A) Toe Forces - |
1 ]
[} 1
l 1 effective depth = 11.00 in |
] I
] I
: shear force = 0.00 klf (@ distance ’d’) l
. i shear stress = 0.0 psi ] }
! bending moment = 0.47 k-ft/ft (@ front face of stem) :
5 |
| |
l ' B) Heel Forces - (@ back face of stem) :
] |
[} |
I | effective depth = 12.00 in :
] ]
] |
| shear force = 3.61 klf I neglecting :
: shear stress = 25.1 psi l-— upward soil :
I I bending moment = 6.62 k=ft/ft _)| pressure }
] I
] I
| shear force = 0.38 kl1f | including :
l : shear stress = 2.6 psi -~ upward soil :
I bending moment = 1.91 k-ft/ft _| pressure -
1 1
| :
l ' C) Stem Forces - |
1 I
] I
I design section dist from thk shear fv moment :
I ' location ftg (ft) (in)  (klf) (psi) (k-ft/ft) !
1 I
| E
I ! finish grade 8.20 9.00 0.00 0.0 0.00 :
: 0.90%xht 7 .38 9.00 001 0.1 0.00 :
; 0 .80xht 6 .56 3.00 0.04 0.6 0.02 :
: 0.70%xht 5.74 9.00 0.09 1.3 0.07 :
l : 0 .60xht 4.92 9.00 0.16 2nd 0.18 !
: 0.50xht 4.10 9.00 0.25 34D 0.34 :
' QO .40%xht 3.28 9.00 0.36 5 .0 0.60 :
l ! 0.30%ht 2.46 9.00 0.49 6.9 0.95 !
: 0 .20%ht 1.64 3.00 0.65 9.0 1.41 |
: 0.10%xht 0.82 9.00 0.82 113 2.01 y
I : top wof. ftg -0 .00 5900 1.01 14.0 2.76 !
} ]
‘ |
| |
] |
I 1 1
] ]
I I
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