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1.0 INTRODUCTION 

The City of Scottsdale "Indian Bend Road Improvement Project" begins at Scottsdale Road, 

extends east across Indian Bend Wash, and ends at Hayden Road. The project has an overall 

length of 1.07 miles and will upgrade Indian Bend Road to a minor arterial with a typical right

of-way width of 110 feet. The roadway will consist of two lanes in each direction with a 16-foot 

raised median. Pedestrian facilities will include an 8 to 10-foot wide multi-use path on the north 

side of the roadway and an 8-foot sidewalk on the south side. The project will include widening 

and realignment of the existing roadway. The location of the project is shown on the Vicinity 

Map, Figure 1 . 

This Structures Report describes the primary structural elements within Indian Bend Wash: drop 

structure, arched culverts and retaining walls . 
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2.0 DROP STRUCTURE 

Drop structure is a collective term that includes a spillway, access ramps and channel linings. It 

is an expansive 8" thick reinforced concrete pavement that functions as a broad-crested weir and 

an erosion protection slab for floodwater flowing in Indian Bend Wash. Design of the pavement 

is based on ADOT Urban Highways "Channel Lining Design Guidelines," February 1989 . 

The spillway at the upstream (northern) end of the drop structure consists of a 6-feet deep toe

down, a 12-feet wide bench and a 3:1 slope down to the channel lining. The top of the spillway is 

set at Elevation 1282.00 in accordance with hydraulic design criteria and the slope has a 

maximum drop of approximately 11-feet. 

Access ramps on the east and west sides of the drop structure accommodate a multi-use path . 

The ramps, which are ADA compliant, provide access to the wash for recreational users and 

maintenance vehicles . 

Channel linings are provided on the upstream and downstream sides of the roadway. On the 

upstream side, the lining is sloped to direct floodwater toward the two arched culverts. On the 

downstream side, the lining extends 50-feet beyond the roadway and ends with a 6-feet deep toe

down . 

Due to the drop structure's large area, construction joints and contraction joints are needed to 

help control cracking. Joint details are based on the recommendations provided in Department of 

the Army Technical Manual No. 5-809-12 "Concrete Floor Slabs on Grade Subjected to Heavy 

Loads," August 1987 . 

All surfaces of the drop structure will have an exposed aggregate finish, except that a medium 

broom finish will be used at the multi-use path. Additional details for the drop structure are 

provided in Appendix A . 

3.0 ARCHED CULVERTS 

Two reinforced concrete arched culverts, each with five spans, are provided to pass floodwater 

under Indian Bend Road. All spans are 36-feet wide and have a maximum vertical opening of 

9.5-feet at midspan of the arch. The walls of the western culvert are skewed in a southeasterly 

direction and the walls of the eastern culvert are skewed in a southwesterly direction so that 

floodwater will be directed toward the center of the wash. Concrete headwalls at the ends of the 

culverts retain the soil beneath the roadway. An architectural treatment applied to the headwalls 

will indicate the depth of water flowing through the culverts. The westernmost span of the 
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western culvert will have a multi-use path passing through it. Additional details for the arched 

culverts are provided in Appendix B . 

4.0 RETAINING WALLS 

Six reinforced concrete retaining walls (Walls D, F, G, H, I and J) are required to support the 

new roadway embankment in the wash and one additional wall (Wall E) is required along a 

maintenance path that leads into the wash. A Layout Plan showing the locations of the walls is 

provided in Appendix C. All of these walls will conform to the ADOT standard detail B-18.10 . 

Based on recommendations provided in the "Geotechnical Investigation Report" by AMEC 

Earth & Environmental, August 15, 2007, walls within the wash will have the bottoms of 

footings 5-feet minimum below grade. An architectural treatment applied to the six walls along 

the roadway will indicate the depth of water flowing in front of the walls . 
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APPENDIX A 
DROP STRUCTURE 



•••••••••••••••••••••••••••••••••••••••••••• 

g 
• 
~ 

;.,tl;.,l '· t I-~ .. -~ "I 

l"•xr ·4 ' SrrrJOih Dowel 
of 12 ' Speclnt;J 

TYPICAL CONTRACTION JOINT 

D8Qp STBUCTUR£ PLAN 
SoiJitJI I" ::6{) ' 

Relnforclnt;J Stefll Is Not J "I liM\ CoollrwJS Ty~h J<inl tt ~~ ... 
J"•xr - ~· SrrrJOih Dowel 
e/ 12' Speclnt;J 

TYPICAL CONSTRUCT/ON JQINT 

~~~ 

SEALANT QETAIL 

URS 
7120 N. lli Tf'l Stree T, Suit e 100 
Pr.oonrx. Al. asozo 
16021 l 7HIOO 

£ /ndlon Bend RoM 

DROP STRUCTURE NOTES 

1. 1/dferlols• 
Coocrelo •••• ••• .. ••••• ••• llk; CIO$$ 'A' f ' c=JIXJO PSI 
RelnforCf!ITIMI • ••••••• . • • ASTII A615, Grode 60 

2 . Concrele Unlnt;J Sllilll btl 8 ' Thlct with •s Rfllnforclnt;J Bdrs 
Speced ot 12' Centers Eec/1 wey. Relnforclnt;J Sllilll H<m J' 
Cleer C(NfJ( From Tllil Top L/nlntJ. 

J. Constrvcflon Joints Shllll be LOCtJfed os Shown on The Pl~n. 

Coolrectlon Jclnls Sllilll btl EWJnly Speced Be1ween 
Consfrucflon Jclnts. 

~- Prwldo ~ • Blturrinous Jclnl Filler Where 
Drop Structure Abuts Retetnlnt;J Wells . 

5 . OrO() Structure Sllilll HI1Ye on Exposed NJ<Jr8(10te Finish, 
Exctll>f Tllilt e lledleum Broom Finish Sllilll btl Prwlded 
~I the 1/ullf-Use P4flls. ~ S{JfJCillf PrCNislons. 

6. See Shtlels DS/1 end DSIJ For Typlcel ()rap Structure 
Sec/Ions. 

7. Tm Cost To Prwlde Construcflon Jclnts. 
Contrectlon Jclnts, end Pwred S..lonl Is 
Included '(flth The Cost Of ()rap Struclure. 

0
;:.~-::;~::;;- -
1-B00-782-5348 
-~·-c.-.. 

DROP STRUCTURE LAYOUT 



•••••••••••••••••••••••••••••••••••••••••••• 
EIIN 1282.00 

Ex{XJS«< "9gr~te Finish I , ,. ·1 

Op/1()(1{1/ 
Const Jt 

~ 

TYPICAL DRQP STRUCTURE SECDQN UPSTREAM Of ROAOWAY 

I' Offset to 
FtJCe of RtJII 

J' 

SC41e J/8' = I' -o· 

4' PVC T88 Md Pipe 
Mlt&r Pipe to Conform to 
Top FtJCtJ of SplllwtJy 

I<H~Ani~J Gwrd-See 
~{)M(J/J 

DRAIN DETAIL 
N.T.S. 

M~lnttJI){Jnctt lc:ess 
ROfJd f 

8' I 8 ' 

HtJndr~fl 

J' n 
ReftJinlng W~IJ ' E ' 
See W~IJ Pl~ns 

PtJvement StrucfurtJI Section No. 10 

•• Per MAC Std Dtl No., 145, 
Type 4 Ground lnsftJIItJflon 

[YPICAL MAINTENANCE ROAD SECTION 

PVC Dr~ln Pipe 
~t JO ' -o· spec~"' 
S88 Dr~ln OMtJII 

£/IN V~rles 

Constr Jt 

Mulfi·Use P~fh 
L/trlts of Medium Broom F/rJsh 

S88 Sh88t DS/0 

liz • Mesh II Gduge 
Gdlv~nlzed Steel ScriWI 

~ l:J ~ 

Bottom Sl~b of 
Arched Culvert 
588 CUlvert PJ~ns 

S£WJJ//. 

An Ani~/ Gwrd SMII 8tJ lnst~lled In £~ 4' 
PVC Dr~ln Pipe. A CommercltJI Ani~/ G<J~rd 
MtJy b6 Substituted for Approv~l. 

ANIMAL GUARD DETAIL 
N.T.S. 

PrlmtJ Ce»t 

su rede 

Tot~/ ThlcJ:ness = 12' 

SECTION NO. /0 

URS 1720 N. 16-th Str oo t , Suite 100 
PhooniiiC, AZ. 85020 
16021 HHIOO 

CONSTRUCTION NOTES 
Oeser i ot ion UnitiOuon 

0 ··---~--uu. ,,_. fC - liMO 

1-800-782 - 5348 
... I . .... c-.. 

TYPICAL SECTIONS 



•••••••••••••••••••••••••••••••••••••••••••• 

TYPICAL DROP STRUCTURE SECTION OOWNSTREAU OF ROADWAY 
SC<'Jie: 1/ 2" =I ' -o· 

II~ 
J 

GROUTED R/PRAP TOE OOWN DETAIL 
ScClle: l /2 " =I' -o· 

URS 
H20 H. 16 th Stre e t . Sui t e 100 
Pr.oenlx , Al. 85020 
!£.021 l 7l- 1100 

0
~~=::: -
t -800-782-5348 - ··-r-.. 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

APPENDIXB 
ARCHED CULVERTS 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

SACRA ENGINEERING 
215 W Giaconda Way Ste 107 
Tucson , Az 85704 
tel (520) 622-3484 
fax (520) 622-0412 

PROJECT NO. 

PROJECT NAME: 

PROJECT LOCATION: 

DESCRIPTION: 

DRAWINGS: 

GEOTECH REPORT: 

APPROVING AGENCY: 

CALCULATIONS BY: 

6138 .mcd 

Indian Bend Road 
Project# 6138 

STRUCTURAL CALCULATIONS 

6138 

Indian Bend Road 

City of Scottsdale, Arizona 

CON-ARCH 

Con-Arch 5 barrel 36'-0" span by 9'-6" length varies from 82 LF to 90 LF@ Station 
49+68 and 53+62 Indian Bend Road 

fi ll:= 1.0 Foot (min fill controls) 

length := 82 feet 

Sacra Engineering (6138) 

Geotech report by AMEC job no. 5-117-001077 dated August 15, 2006 

City of Scottsdale, Arizona 

Allen Sacra 

6/26/2007 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

SACRA ENGINEERING 
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CULVERT DESIGN 

Indian Bend Road 
Project # 6138 
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SACRA ENGINEERING Indian Bend Road 
Project# 6138 

CON-ARCH 
215 W Giaconda Way Ste 107 
Tucson, Az 85704 
tel (520) 622-3484 
fax (520) 622-0412 

SCOPE OF WORK 

• Design of a 5 barrel 36' X 9'-6" Con-Arch reinforced concrete culvert based on AASHTO LRFD Design Specifications, 
3rd Edition, 2004 w/ 2005 interim by means of a finite element analysis of a 2-D model using MSC.Nastran . 

• Design of headwalls attached to the culvert . 

AASHTO SPECIFICATIONS 

AASHT0(2004) LRFD Bridge Design Specifications, 3rd Edition 

Chapter Topic Sections 

2 General Design and Location Features 2.5.2.6 

3 Loads and Loads Factors 3.1- 3.6, 3.10 

4 Structural Analysis and Evaluation 4.1 -4.6 

5 Concrete Structures 5.1 -5.8, 5.10- 5.14 

9 Decks and Deck Systems 9.7 

10 Foundations 10.1 - 10.6 

11 Abutment, Piers and Walls 11 .1 - 11 .6 

12 Buried Structures and Tunnel Liners 12.1-12.6,12.11 

6138 .mcd 6/26/2007 3 
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SACRA ENGINEERING 
215 W Giaconda Way Ste 107 
Tucson, Az 85704 
tel (520) 622-3484 
fax (520) 622-041 2 

AASHTO LOAD FACTORS: 

Indian Bend Road 
Project # 6138 

STRENGTH 1 - Basic load combination relating to the normal vehicular use of the bridge without wind . 

SERVICE 1 - Related to deflection control and to control crack width in reinforced concrete structures . 

LOAD FACTORS STRENGTH 1 SERVICE 1 
MAX MIN 

PERMANENT 
DC-dead load & components 1.25 0.90 1.00 
DW -wearing surface 1.50 0.65 1.00 
EV- vertical earth pressure 1.30 0.90 1.00 

0.50* 
EL-Iocked-in erection stresses 1.00 1.00 
* Reduction allowed due to earth pressure . 

LIVE 
LL-Iive load 1. 75 1.00 
PL-pedestrian live load 1.75 1.00 
(Small since the added 0.075 ksf only applied to sidewalk width-Ignored) 
1M-dynamic 1.75 1.00 
CE-centrifugal force 1.75 1.00 
(no radius of curvature to traffic lane-ignored) 
BR-braking 1.75 1.00 
(taken out by soil-Ignored) 

CONSTRUCTION 
Construction Loads 
(small-Ignored) 

WATER 
WA-water 

1.50 max 

1.00 1.00 
(buoyancy,stream pressure & scour easily resisted in longitudinal direction-Ignored) 

WIND 
WS-wind on structure 
WL-wind on LL 
(load is in strong longitudinal direction-Ignored) 

EARTH PRESSURE 

0.3 
1.00 

AASHTO 3.5.1 
AASHTO 3.5.1 
AASHTO 3.5.1 
AASHTO 3.11 .7 
AASHTO 3.5.1 

AASHTO 3.6.1.2 
AASHTO 3.6.1.6 

AASHTO 3.6.2 
AASHTO 3.6.3 

AASHTO 3.6.4 

AASHTO 3.4.2 

AASHTO 3.7 

AASHTO 3.8.1 .2 
AASHTO 3.8.1.3 

EH-horizontal earth pressure at rest 1.35 0.90 1.00 AASHTO 3.11 .5.2 
EH-horizontal earth pressure active 1.50 0.90 1.00 AASHTO 3.11 .5.3 
(accounted for in the finite element analysis) 
ES-earth surcharge 1.50 0.75 1.00 AASHTO 3.11 .6 
(no mounding of earth on structure-Ignored) 
LS-Iive load surcharge 1.75 1.00 AASHTO 3.11 .6 
(applies to wingwalls only-Ignored ) 
DD-downdrag 1.80 0.45 1.00 AASHTO 3.11.8 
(considered in finite element analysis by using "no-slip" condition between soil and structure) 

6138.mcd 6/26/2007 
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SACRA ENGINEERI NG 
215 W Giaconda Way Ste 107 
Tucson, Az 85704 
tel (520) 622-3484 
fax (520) 622-0412 

SUPERIMPOSED DEFORMATIONS 

TU-uniform temp 
(Structure buried-Ignored ) 
TG-temp gradient 
(Structure buried-Ignored) 
SH-shrinkage differential 
(same material-Ignored) 
CR-creep 
(small due to low stresses-Ignored) 
SE-settlement 

0.5/1.2 

0.00 

0.5/1.2 

0.5/1 .2 

** 
**To be considered on a specific project basis 

FRICTION 
FR-friction 
(does not control-Ignored) 

FATIGUE 

1.00 

Ind ian Bend Road 
Project# 6138 

1.00/1 .20 

0.5/1.0 

1.0/1.2 

1.0/1.2 

** 

1.00 

"Buried structures have been shown not to be controlled by fatigue" 

EXTREME EVENT-I 
EQ not considered in buried structure 

AASHTO 3.12.2 

AASHTO 3.12.3 & 3.4 .1 

AASHTO 3.12.4 

AASHTO 3.12.5 

AASHTO 10.7.2.3 
AASHTO 3.12.6 

AASHTO 3.13 

AASHTO C.12.5.3 

AASHTO 3.10 
"Seismic forces are normally not considered in soil-structure interaction systems . 
Underground structures must move with the surrounding soil during earthquakes and 
usually will be supported by the interacting earth against crush ing or collapse even if the 
structure joints are strained." (Ref: Caltrans (1994), Bridge Design Practice Manual , p.6-2) 

IC-ice 
(warm clilmate-lgnored) 
CT-vehicular collision 
( protection provided-Ignored) 
CV-vessel collision 
(not waterway-Ignored) 

6138.mcd 
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SACRA ENGINEERING Indian Bend Road 
Project# 6138 

CON-ARCH 
21 5 W Giaconda Way Ste 107 
Tucson, Az 85704 
tel (520) 622-3484 
fax (520) 622-0412 

LOAD CASES: 

• Since the structures are cast-in-place, a load case for the stresses resul ting from handling, transportation , or 
installation is not considered . 

• An uneven backfilling of the structure is not allowed, the differential fill height for opposites sides of the arch is less 
than two feet. 

• The lateral loads of the soil on the structure are computed and applied by the finite element analysis. Therefore such 
loads are not applied externally to the structure. 

• Load cases involving the 0.9 D.L do not control. 

L 0 A D F A 
STRENGTH -1 

LOAD CASE 1 2 3(bearing) 
TRUCK LOAD 2-25k 2-32k 2-25k 
Applied@ crown crown edge 
LANE LOAD 0.64klf 0.64k/f 0.64klf 

DC 1.25 1.25 1 
EV 1.3 1.3 1 
LL 1.75 1.75 1 
IM 1.75 1.75 1 

2-25k = 2-25 kip axles separated by 4 feet (Tandem Loading) 
2-32k = 2-32 kip axle+ 1-8 kip axle separated all by 14 feet {Truck Loading) 
Lane Load = 0.64 klft 
DC= concrete dead load 
EV= soil dead load 
LL= live load 
IMF=Dynamic Load Factor IMF :== 33[ I - 0 . 12~De)] IMF == 28.875 

c T 0 R s 
SERVICE-1 

4(Tot defl.) 5 
2-32k Buckling 

crown crown 
none none 

1 1 
1 1 
1 1 

1.75 1 

(MSHTO 3.6.1.2.1-4) 

Loading for optional live load deflection evaluation :Deflection should be taken as the larger of : (MSHTO 3.6.1.3.2) 
• That resulting from the design truck alone, or 
• That resulting from 25% of the design truck taken together with the design lane load . 

6138.mcd 
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SACRA ENGINEERING Indian Bend Road 
Project# 6138 

CON-ARCH 
215 W Giaconda Way Ste 107 
Tucson, Az 85704 
tel (520) 622-3484 
fax (520) 622-0412 

LANE WIDTH (E) : 

For Fills < 2 feet The multiple presence factors have been included in these equations. (AASHTO C3.6.1 .1.2 ) 

fill == 1 foot 

• The equivlent width "E" of longitudinal strip per lane for both shear and moment with one lane loaded may be 
determined as: ( Includes a presence factor= 1.2 ) 

s l :== 36 feet s 1 =culvert span length (AASHTO 12.11 .2) 

(AASHTO 4.6.2.10.2-1) 

E l :== -'-(9_6_+_1._4_4·_sl....:...) 
12· 1.2 E I == I 0.3 f.Jet 

For Fills . ;:: . 2 Feet The provisions of Articles 3.6.1 .1.2 (Multiple Presence Factors) shall apply. (AASHTO 3.6.1.2.6) 

Where the depth of fill exceeds 2 FT, wheel loads may be considered to be uniformly distributed over a rectangular area 
with sides equal to the dimension of the tire contact area, as specified in article 3.6.1.2.5, and increased by either 1.15 
times the depth of the fill in select granular backfill, or the depth of the fill in all other cases. Where such areas from several 
wheel overlap, the total load shall be uniformly distributed over the area. (Axle length = 6 FT ) 
For single-span culverts, the effect of live load may be neglected where the depth of fill is more than 8.0 FT and exceeds 
the span length; for multiple span culverts the effects may be neglected where the depth of fill exceeds the distance 
between faces of end walls. 
Where the live load and impact moment in concrete slabs, based in the distribution of the wheel load through earth fills , 
exceeds the live load and impact moment calculated according to Articles 4.6.2.10.2-1 (Fills less than 2 feet) 
the latter moment shall be used . 

2 feet . ~ . For Fills . ~ . 3.0 Feet 

(1.667 + 1.15·fill) ·2 
E2 :== -'------~ 

1.2 

E =The greater of E1 or E2 = 10.9 

For Fills > 3.76 Feet 

(6+ 1.667+ 1.15-fill) E3 :== ...:...._ _____ --'-
1.2 

E =The greater of E3 or E1 = 10.3' 

therefore E=10.3' 

6138.mcd 

E2 == 4.7 feet 

feet 

J 
I 

_j I 
....J J 

w::: / 

I 

I 
I 

I 

1.15/2 * FILL I. 

6/26/2007 

20" 

I 

\ I 
\ I 
'\ I 

' J \ I 

(AASHTO 3.6.1.2.6) 

(For a Fill= 3.76' E=10') 

\ 
\ 

' ' \ 

(AASHTO 3.6.1.2.6) 

- 3_76' 
NO OVERLAP 

X;----"<-\--+ 
/ \ \ r- OVERLAP 

I \ \ 

7 
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SACRA ENGINEERING 
215 W Giaconda Way Ste 107 
Tucson, Az 85704 
tel (520) 622-3484 
fax (520) 622-0412 

FACTORED LINE LOADS & LANE LOADS: 

Indian Bend Road 
Project # 6138 

Factored line load =(Axle load* Dynamic Factor* LL Factor ) I Lane Width 

USED IN LOAD CASE #1 #2 #2 #3 #3 
Soil Soil 

Bearing Bearing 

Axle load (Kips) 25 32 8 25 32 
Dynamic Factor 1.29 1.29 1.29 1.00 1.00 
Live Load Factor 1.75 1.75 1.75 1.00 1.00 

Lane Width (Feet) 10.30 10.30 10.30 10.30 10.30 

Factored line load (Kift) 5.5 7.0 1.8 2.4 3.1 

Factored Lane Load= (0.64 kif) (1 .75) /10 feet = 0.112 kip/feet 

Unfactored Lane Load= (0.64 kif) /10 feet = 0.064 kip/feet 

6138.mcd 6/26/2007 

CON-ARCH 

#4 #4 #5 
Deflection Deflection Buckling 

25 32 25 
1.29 1.29 1.29 
1.00 1.00 1.00 

10.30 10.30 10.30 

3.1 4.0 3.1 

8 
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SACRA ENGINEERING Indian Bend Road 
Project # 6138 

CON-ARCH 
215 W Giaconda Way Ste 107 
Tucson, Az. 85704 
tel (520) 622-3484 
fax (520) 622-0412 

DESIGN ASSUMPTIONS 

• 2-D plane-strain finite element soil-structure interaction model of transverse section , perpendicular to the longitudinal 
axis of arch structure . 

• Single step load of body forces and concentrated traffic loads 
• 1-step increment of backfill soil around the arch, 1 foot max differential. 
• Linear representation of soi l strength 
• Conservatively ignores the distribution of non-uniform loads parallel to to the longitudinal axis of the arch 
• No-slip condition at the interface soil and the concrete arch- arch outer surface is rough Esser (1974) has shown that 

for shallow-buried rigid conduits the largest angle of friction developed at the interface is 10 degrees. Since< friction 
angle available, no slip occurs. 

• Bums and Richard solution (1964) showed that: 
-moments for no-slip condition are 10% < full-slip condition 
-max normal forces for no-slip condition are 20% > full-slip condition . 

• As the applied surface traffic LL travels through the structure to the floor/slab footing it is, in actuality, distributed and 
thus attenuated in the longitudinal direction . 

• The Lane Width (E) used for distribution of concentrated wheel loads, shall also be used for the determination of 
moments, shears, and axial loads in the side walls and the bottom slab." (AASHTO 12.11 .2.3) 

• Distribution of the LL, in the transverse direction perpendicular to the arch longitudinal direction is determined directly 
by the finite element analysis and not by load attenuation distribution . 

MODEL GEOMETRY 

• Model geometry per Sacra Engineering drawings, the arch and footings were modeled by taking the centerline of their 
cross sections . 

• Boundries below and to the sides of the structures were taken as shown in the next figure . 

,.,..,.-~~~---.,.\ 

H ' 

! 
~ s 2 " "' ..J I 

1.5 '' H 

_j 

MESH SIZE 

• The soil and concrete structures were modeled using a mesh size of 1 foot. This size is small enough to 
capture the structure behavior . 

• No stress concentrations were found in the analysis where a finer mesh would have been necessary . 

6138.mcd 6/26/2007 9 
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SACRA ENGINEERING 
215 W Giaconda Way Ste 107 
Tucson, Az 85704 
tel (520) 622-3484 
fax (520) 622-0412 

MATERIAL PROPERTIES 

Concrete: 

Backfill : 

F'c=3000 psi 

k 
Ec = 478161 

k 
E = 800-

ft2 

Soil in-situ : 

k 
E = 800-

ft2 

Indian Bend Road 
Project # 6138 

Ec = 33000* Wc1 · 5 ~(Fc) *144 

J.l=0.2 

J.l = 0.3 

J.l = 0.3 

Weight= 0.150 ~ 
ft2 

Weight= 0.120 ~ 
r? 

Weight= 0.000 ~ (below floor slab) 
ft2 

CON-ARCH 

(AASHTO 5.4.2.4-5) 

(AASHTO 3.5.1-1) 

(AASHTO 3.5.1-1) 

• In analysis soil in-situ unit weight = 0 below the arch footing so calculated deflections do not include any contribution 
caused by the self weight of soil below the foundation level. 

• Fully saturated conditions are assumed not to exist in the specified free-draining backfill material. The culvert is 
partially covered by an impervious roadway surface . 

• Backfill soils must be type: A-1, A-2, A-3 (GW,GP,SW,SP,GM,SM,SC,GC) AASHTO M145 AASHTO 12.4.1 .3 

ELEMENT TYPES 

Arch-Crown 
Arch-Haunch 
Floor-Footing 
Backfill 
Soil in-situ 

Beam element 
Beam element 
Beam element 
Plane Strain element 
Plane Strain element 

• Bending stiffness depends on the cross-section configuration and reinforcement properties, flexible sections have 
lower moment capacities and transfer loads to other members. 

• Cracking of concrete or shotcrete below the neutral axis causes a reduction in the Moment of Inertia. Per previous 
analysis it has been found that calculations of the Effective Moment of Inertia using equation 5.7.3.6.2-1 give results in 
the range between 20% to 30% of the Gross Moment of Inertia. This analysis has assumed a fully cracked section and 
therefore le to be 25% of Gross Moment of Inertia. (AASHTO 5.7.3.6.2) 

6138.mcd 6/26/2007 10 
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SACRA ENGINEERING 
215 W Giaconda Way Ste 107 
Tucson, Az. 85704 
tel (520) 622-3484 
fax (520) 622-0412 

BOUNDRY CONDITIONS : 

• Bottom of model - fixed 
• Sides of model-roller 

Indian Bend Road 
Project # 6138 

• Top and entire model-restrain out the page ( z-direction) 

Sketch not to scale ~ FIXED BOTTOM 
for conceptual purposes only . 

RESULTS FROM LOAD CASES: ( See Appendix I for Load Case Diagrams ) 

Load 

Case 

1 Moment (k-ft) 
Axial (kip) 
Shear (kip) 

2 Moment (k-ft) 
Axial (kip) 
Shear (kip) 

Moments : 

Case 

3 Soil Bearing 
ksf 

4 li\€ Load 
Deflection* 

5 Buckling 

6138.mcd 

Fill Crown 
Cvr 
1'-0" 18.2 

-23.2 
4.0 

1'-0" 15.1 
-21 .2 
3.2 

+ bottom fiber tension 
-top fiber tension 

Fill bearing 

Haunch 

-15.3 
-32.0 
4.6 

-14.9 
-30.5 
4.8 

Live Load 
Deflection 

Footing 
outside 

7.5 
3.0 
5.5 
8.4 
3.5 
5.0 

Buckling 
Critical 

6/26/2007 

Footing 
inside 
22.4 
9.0 

11 .5 
24.4 
7.2 

11.5 

CON-ARCH 

ROLLERS BOTH SIDES ~ 

Wall Floor 

20.2 0.8 
-31 .7 10.2 
6.1 0.6 
10.2 0.8 
-36.0 7.4 
4.8 0.6 

*Deflection Criteria for 
vehicular load = span I BOO 
(AASHTO 2.5.2.6.2) 

11 
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SACRA ENGINEERIN G 
215 W Giaconda Way Ste 107 
Tucson, Az 85704 
tel (520) 622-3484 
fax (520) 622-0412 

SINGLE SHEAR CHECK: 

Vn=Vc+Vs Vs=O Vn=Vc 

Indian Bend Road 
Project# 6138 

CON-ARCH 

(AASHTO 5.8.3.3-1) 
(AASHTO 5.5.4 .2.1) 

Vc=0.0316 ~ {PC bv dv where: P=2 and <IJ=0.85 dv= the greater of (0 .9 d or 0.72 H) (AASHTO 5.8.2.9) 

H dv bv ¢ Vn Vu ¢ VnNu 

in . in. in . kip kip 
Crown 10.0 7.2 12.0 8.0 4.0 2.0 

Haunch 10.0 7.2 12.0 8.0 4.8 1.7 

Wall 12.0 8.6 12.0 9.6 6.1 1.6 

Footing 15.0 10.8 12.0 12.1 5.5 2.2 
outside 
Footing 15.0 10.8 12.0 12.1 11 .5 1.0 
inside 
Floor 8.0 5.8 12.0 6.4 0.6 10.7 

PUNCHING SHEAR CHECK (with 12" of fill over arch) 
Yu= (16 kip for design truck)(1 . 75 Live Load Factor)(1 .29 Dynamic Factor) = 36.1 kips 

Tire contact width = w := 20 in 

Tire contact length Lz := 10 in 

For Arch: dv := 7.2 

b0 := 2· (w + dv) + 2·(Lz + dv) 

b0 = 88.8 

Vn=Vc+Vs Vs=O Vn=Vc Vc=0.0316 p {PC b
0 

dv where: p=2 and <IJ=0.85 

Yc := 0.0316·2·fl·b0 ·dv Yc = 80.815 

<IlYn := 0.85·Yc 

<IlVn = 68.693 > V u = 34.4 kip {design Truck) o.k . 

6138.mcd 6/26/2007 

(AASHTO 3.6.1 .2.5) 
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APPENDIX I 

LOAD CASE DIAGRAMS 
Moment, axial force , shear force 

NOTES ON ALL LOAD CASE DIAGRAMS: 

• In shear diagrams, the shear was taken from the support a distance d (the distance from the invert to 
the top of the bottom footing reinf) . 
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LOAD CASE #1 

TANDEM LOADING@ CENTER SPAN 
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pl 

(:
_...,...,=··· '-"'~' 

' 4,o 

1: 1 
t 
s-.s 

y 

z X 
I 

;output Set: MSC/NASTRAN Case 1 

,(c 
Ft.oott \ 

~I? 

LC #1 

3,~ 

~.g 

''~( 
I I. S' 

17.66 

l -~- ::)( : 

~.c.-) 
-4.3 17 

-6.3\4 

-8. 312 

- I U.3 I 

-i 2 ; I 

: 4 -~ 

!Contour: Beam EndA Pll Shear Force 
~- .... :..::.:=::..:::.:.:.::.:_:_::..:.:...::.:.:::=:....:...::.:.::.=--- ---------------- ----- ------------------_J 
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LOADCASE#2 

TRUCK LOADING@ CENTER SPAN 
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jV-1 -
'L2 
1c 1 
iG J 

MQY\~1.,-

\S1l 

LC #2 

ktP · r-r-

13,3 

'F' I..OC> I 'I. . 

.\ . .I-

., 
-11-,-z.. 

-14 .~ 

IO, l.. 

45 <) 

·! _., ~ 

~+ ...... ! 

_j'_ At l ., ~j 
41 i "' -~ t~ ···a. J ·• · 

/ ' ' . -~ 
g.~ Z.o ,1- .?1~-'T 

y 

Z X 

!output Set: MSC/NASTRAN Case 1 
:contour: !3eam EndA Plane 1 Moment 

4 . 0~ 

0.278 

-3.:'24 

.7 _ _12) 

-1 1. i --~. 

i ..... ~ ). ~ 
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LC # 2 

lVI 

'L2 ~y.__ I j:>. L-
;Cl 

bl 
I 

kip 12.73 

i j . ~_1,~) 

-~I.~ -t."J.,S 
-'Jo.':) 

-?,o,$"' -/.'), z_ 

t-3· ~ r1·Z. 
-2).{)~-; 

-29.11 

-3 2.6 
y 

-3 (1.()') 

Z X 
i 

. ·~ \) s. 
jOutput Set: MSC/NASTRAN Case 1 
[Contour: Beam EndA Axial Force 

~.'..:. i ! ( l 

--·-----·--- -------------------------------------------------------------------------------------------~ 
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iV-1 - -~. - -

L2 

[c1 SH~AfZ-
!GJ 

~ S"',o 

y 

Z X 

iOutput Set: MSC/NASTRAN Case 1 
!Contour: Beam EndA Pll Shear Force ----

ktp 

LC #2 

18.57 

. (•: ~ -; 

·· ·., 

-(>.0~9 

-8.33 

-1 0 .5 7 

- ! 2. 81 

l5. tl () 

- !-;- :. 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

LOAD CASE#3 

SOIL BEARING CHECK 
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y 

Z X 

Output Set: MSC/NASTRAN Case 1 
Contol1_r: Top Trans. Y-Nonnal Stres 

LC #3 bearing 
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LOADCASE#4 

TRUCK LOADING@ CENTER SPAN 

(DEAD LOAD AND LIVE LOAD) 
DEFLECTION 
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LC #4 DEFLECTI ON NO LOAD 

-------------------------------------------------------------------------------------------------VI 

!LS -0.000 l<i4 
fCI 
! G l , ... I [ .. i )_{1:,1/ ('} 1 

tlo f....oA,.O 

~~' 

~t:>t.. ~ 1.:::.-ro? - A.sor'T"oc.N'"\ -::: . o ~"')~- ,ooc6-:::. • 07:1o~' 
y 

z X 

Output Set: MSC/NASTRAN Case 1 
Contour: T2 Translation 

·; ... i-?"" 

-f"l .027 1 

-0.0295 

-o.m2 

-0.(i.J44 

-( l . ~ <~(/) 

. i.) , ( !? '-! ~-
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'v-1 - --·· 

L5 
!C I 
iGI 

y 

z 

LC #4 DEFLECTION WITH LOAD 

'3.J 13 .t 1(, + 1 0 '< 
~ I I L 

-------l'--4-~-------··-.--.... - .. - - --- -· -- · ·------- - .. - "'. 

,Ot81 

I • t. f1 41- = ATop- .A l3 o r,.Olf\"'\ :; . o~{ - , ot 'E:; -

If.- 'I I '4t..(,.~ ~TL- -~DL :::. . 0'13 -, o3o3 -:;.. 

X 

I 
, or:S 

, o 4 z. I 1 ~ ~{ S4;, '- l-/. BOO o'< 

!Output Set: MSC/NASTRAN Case 1 

-U 0\H) 14 

~ ~. ,"!(·5~~ :: 

.. f!.(J(<::6 

-0.0683 

-0 074 

-O.U7'l7 

_; _ _' { }"-: ~~ 

_() f } ;.-, [ 

j~ont()_ur: T2 Tr~::.n:.:.s::.la:.:.ti:.:.o::.n __ . _________ _____ _ _____ __________________________ ___J 
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LOAD CASE#S 

BUCKLING CHECK FOR TANDEM LOADING 
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LC #5 b uc k l ing 

:vi 
iLs 
le i 
i 

Vcf2-an£.A L- = PAP PI-t ((_ D '/.. ~ltc.(i,J VA\...LJt<,_ .: u k )(j-Jt \ 1 ); z~. 7 7? ~ K 

y 

Z X 

Output Set: Eigenvalue 1 24.71892 

~k 

Deform_ed_( 1_.0_4?):..::.T..::.ot:.:.:a.:...l T..::.r::.::an=sl:a:.:.t..:...io:.:.:n::__ ____ __________ __________ _ ______________ _, 
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APPENDIX II 

Sacra Engineering Plans 
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COl["" GENERAL NOTES 

A. DESieH SP(CifiCATlOHS: 
1. G:EH£1W.: MSHTO "'ST.AMD.IJIO SIEOnCATIC:INS roR HCiWAY llttOC5,'" 

11TH m. ~H:J fll£V~S«>MS THDtCTo. 
2.. NtCW: ~MSHTO UFD 8ft!DC( DESQI SP£CI"''CAllOH5., JAD m.. • 20CW 

8. COHSlRUCTtoN 5f>[CiflCATlONS, MJar ST~ SPt:C.-.c:AnOHS fOR RO.ID JrfoiO 
lllt!DGE CONSlWUC'TICIN CI.Mfi:[Nf EDI'h:IH UHU:SS NOTIO OTHDNIS(, 

C. OCSICM W£fWOOCuXJY: REN"OACm CONCft£Tt. NtCH ~ 1$ IASQl ON 
flr<lnt £LE .. OlT, SOI. - STRUCT\JR[ IKTEJVCTlOiol COWPVTEA WOOEl. NW.'I'SIS, 

0. DESIGN Le»..S: 
1. DEAD l.OAOS: Sf.lT WCOHT Of STltUC'TUM: COMatot • 150 ~ 

SOIL IJ,IIQ(ALI.. ... 120 PCf', 
2. LM LOo<OS; I'Ql0-+4 L.QirOING ~ 

£. \IOtlfY -'U. COHDI'TlON$. DaOtSIONS., ...,..0 [UVATDNS ~ TO STMT ~ 
WOftk. lSTA&JSH MD \I'DtiN 1iU.. OP(HINQS, lll.OCtCOUTS, NtO IICSCKJ'S. 
fllESOL\Il ALL OISCMPNoiCI(S I"'RICM TO STMT Of ~. 

F'. DIW£N'SOIS SHAIJ.. TME PMCIJ)[Mt[ CM:R SCAUS SHOWN ~ ~ 
C. Of:TAU Ofrl COHS'flltUC'nOH OftNiinNClS HI:[ T'I1"!CAI.. WHOHO. ~Cif"CAU.Y 

INOICATm lrt CUTS, REn:RtHCES. tm.£:S,. OR NOT. IN CA1:[ Of CONn.JCTS, 
CON'IACT TH( [HCIN{[R f()ft Dlfi£C'YJON ltUtlftt ~MG. 

I. fOI.JNt»,110N$ NCl ~1(: 

A O:CWAnoN: 
l. INSTALL Clti8IIING, ~ AHO S~MC TO SN'U.Y ftETHN A..1. £MTH 

[W8NIIKWENT$ ret ~ 
l . AU. fClO'TJroiCS $1-WJ. Ell( foua:D AT lH[ OO'THS toe:ATEO ON 

CONSTJIUCTlOH DRAW!NCS. aonow OF f~ ElLVAT'IOH TOI...DitAHC( StW.1.. It +0" 
.lrHD -1/l". 

J. I"ROWX POS~ fCWPORJr«T ~[ /tMAY f1ltOW lHE IIRIDCl 
CONSJlNC'Tl:)N SITE. 

8. WATER SOf'1'tHED WATUtiAU I.IUST 8£ M:WCN£0 f'ROt.t IEHO.lH AU. 
fOI.JHOA.TION$. AHD SVBS. 

C. ~(AitaiOHL'I') 
1. ARCH IACKF'I..L.NC IMY TNCE 1>\KE WHEN Tl4[ COHCRCT£ H...s R£Jro0.4£D A 

w•tA~Uw Sl'MHGTli or r c - 1~ n~ 

2. IIACKF'IU. SHALL It PI.Jre£0 .. ON£ rooT ~W urTS 1HJ IN 
JrCCMOo\HC[ WITH THC II'ROJCCT CtOTt~ICAL. Jttii"OftT. ~krtU. 3H.1rU 
BE CC»..I"ACTID lO I~ DENSITY IN N:COMlN«:f: wmt AST'W-0603. 

J . llrCkrU. SHoliU. I[ ~ ..,. 1HC. (N(;at«Ut, 

4, M<:H &ol(:l(rlll. StW.J.. I( llftOUOHT LP t'YOlL.Y 'M1l1 &c:m1 SICQ Of ll« 
~H 8EJNC WCKfl.UO. nLVATQCS OH DTH[Jt SID[ :stW.1. 
AT folD Tll.l[ ~ A GR[ATIJI OFJ'DitENTW.. THolrH Of« '00T IClWEDI 1Ho.l. 

S.. ...Citrl.i £01»'WOO THA.T WIU. I"A:SS C1YDt Tl1£ N1CH StwJ. NOT !I[ 
HfAWJt 1)WII A THittt-TNtO CN>JDTT, ~ Tltm ntONT DC t1l.lrOOt 
lMTil AU. lHf: Sf'[CifiO aotCKf'U WA.TtltW.. IS C:OWI'l£Tn.Y IN P'VGE. 
SCJW'Ot$ ~0 OlHOt H[AV1 C.O...STIUJCTIOH EOUIPMOIT $HolrU NOT BE 
ALJ.OWEO TO PASS OV'ER THE Nt01 UN.£SS SPECIFlC PDitoiSSCIN IS tSS\JED 
IN WRI'TINC 11'1' 1ME ENCINIDl WlfW'ORY ~ACT'OftS (EXCfJIT rOR THE 
WJrUC-B(HI'C) TYPO 5KAU NOT IE US£0 .\S &Aacn..l.N: [CUPVENT. 

4. fOft DETA4.S sa £XCA"N.TIOH • IW:Itfll.L Ol.olrOfWII, C* »tat 1. 

D. GEOTECHN~ ltEPORT: 

I. R£rtR TO (i(OTEQtNK:~ MPORT BT AWEC. .IJ8 NO 5-117-00lon DAttD 
AUGUST 15, 200& AHO AU ADODIOA lt0£Afl"ER. 

a. CONCMTE 

A CONcorn: 
I . AU. C:ONCRrTt N ~. -.c.AU.J: ..,.0 Hr..tDw.lt.l.S StUU HoW[ A 1111-UW 28 

D.I.Y SlRENGTH Of rc - ~ PSI e 1.8 DAY'S USN; TYK 1-1 co.ocT. 
1. H.l CONCR[l[ IN ,l,liiCH IUoRRD. SHALL HA\o\: A WINU.llot 26 D.lo't 

S'TR£HGTH OF rc • 4(100 PSI USINO TYH: HI ct:WENT. 
J. ALL CONCREtt SKIU BE: R£Jl1't WIX CONfOR ... O WITH AST\1 C-04 . 

B. CONCRETE F'0011Nt;S WAY 8( P\.AC:£0 AOAINST MEAT OCCAVATlON.s. ~IXD 
f'!...N4 DWrNSKlHS AA[ ADHOt£D TD. 

C. II£1NF'ORCHC S1tU (NAT'£JIW..S): 
1. M.t. lt£H'tlltCINC; STttL SHAU. BE: ot70fN[D 1MS ~Oit....C TO ASTV 

Al15., CR#.Ot 10.. 

~...---.'11 
CON-ARCH 

~~~~.w$F ..... ~ -...--."---"- ------...-. 

GENERAL NOTES CONI-

D. ~~:.~~ ~~~~::o'~N.J.£0 IH ~DtJC( WitH 
.tell1L 

1. N.J. IOICS NfO HOCifCS StW.L CONf'OIIIW TO 10 3U U.N.O. lfHO 
OIICNSklNS 1#1.[ WrASuM;D ntOW OUT TO OVT. liNtS SI-WJ. NOT IE 
....,.,- N#J AE-KNT OICEPT AS MOTtO. 

l . JIOtf'DftCIMO aNtS stW.L. IE COH1lHOOUS ()lit lN'PED N:JT l..tSS l'H.oYol o40 8Nt 
OW.ETERS. LJI»$ Stw..l II£ ST~ A '*lt.U.I CJF 011[ lN' UNO'Tl4 
U.N. D. 

• • ......... CONCJIO[ c:cM:I: MJI IIIOif"'OtCINO aAitS Stw.J.. Itt 
AS f'OU.OWS. UM..DS OTHDlWIS( $MOWN ON DftAIIII'NCS.: 

a. COfrCt£Tt PUrCm DlltttltY AllAIN5T f.MTH l IOtfS.. 
II. F'OfiWlD CCNCM:Tt 2 NeHB. 

t . M.t. ~C*IMO INIS. .tHCHClft eot.TS. UCHTINO CONDUTS. 1HJ C<»tCKTt 
NSDft'S SHAU. I( Sttl.Mb IN POStfDI ~ TO P'tJrt:N) CONCJIETL ··-1. CHN#Dt DPOSlD CDfMJt5 l/•• U.N.O. 

e., ~ (DCTUI:IOR - TOP or MCM) 

1. HJ.. £X'l'DIOit COfrrCim't SUitrJrCD StWJ.. K OJM:D USINIO l.IOliO
WDefWC CUMoiC C~, 'M"t I, CONrOfltWIMG TO 1l1E ~ Of 
AS1W C lOI NfO ~TIOM IW£ SHAU. It 100 S04.WtE fUT ( ... ) POt 

""""" 
l. THE: Tat t:xmftOIIt SUM'Aa: CE TH( c:cM-Ait01 SlRUCTI.II'[ SHALl B£ a.ftED 
B't' BOTH M t:'l.ftC Cet.Fa.INO lllrntOO NfO THE WATIR Clfl[ IILI'HOO. 

l. THE WATD CIJM SHALL liE .APPliED AS SOON AS 1H( SUIIfAC( HAS ~ 
SUffiQOfTl't' TO A'lf1J VAMING M SUitfACt II.Jl NOT LATU THAH • HW'tS 
Al1tR C'CUI\£TlON ~ NICK fNSHNC. H ~CROI. SHAU. 8( IC[PT tel 
COtfhNUOUSlY r0111 SE'tfH DAlS. 

~ .. ::::-to~;, .. ~ ~nt(.._..,.~ ~~~ usm AS,., 

H. CUftiNC (INTtltiOA - UNCl[RSU: NICH SUM'NX) 

I. fOftWm SUitf'ACU Oil CCJ«:MTt IotA'!' B( C\.-:D 1'1' W~IC THE FMWS .. 
P\.Jr,C[ F'OA II Wl~l,al 011 Sl\oOt QA.YS. 

2. 1r n« FOJIWS HI£ TO I( MWCMD, lH( INTtM)ft SUMAC[ SKo1U. K IC[P1' 
...ocsT FOR II .... IWUW fS UWN 011.'1"$. 0P£H ENOS 011 THl llltCH ~ SHN.l 
I( SUUD wmt A aA.KH1:A11 MtVHCO(WD(T f!l OMJU TO ~ NR 
CRCULATIOJrr<l T)4llt()I.JCH Tltl: MCH ~ A. WATO SPAAY OR roc: Sl'ST'[W SK.lU. 
K UUD Ni. ~COSAil't 10 ~ 1HE SURf'ACU f1IIOW ClrnNC our. 

.l ~ WliTUtf•AOO'NO 

1. -""lY W.ATOfOOC WAT£Jtlltlt0Cf'tl 8\' TN:WCO TO MOi INIAEl.S. H(AOWALLS 
/IMJ ~""OR TO IAC:ICTlJ..IoiC. """'-Y tt£111[ ~atETE Sl.ltrAa:S COW£ 
IHTO cetnACT liTH SOL Af'f'I..Y WA'IERPAOCflNC PU K WNI.FACTUMJt'S 
RECCM.IfHOATKlHS, 

MOlt: .-tDI USNC 
REIHf. WITH W:TRIC 
liM MJY8EitS: 
jJ • flO (WETRlC) 

l:: ~~ l::.r:g 
,. • flO (WETIIC) 

I APPROVE~ DIRECTOR or PUOuc ""'" DATr I 

SHEA BLW 

~ IL ~I 
~';/, ~ . 

~ 

LOCATION MAP 

SlOP£ BAcK 
POt CISK.t. SlNilAROS 

EXCAVATION & BACKFILL DIAGRAM 
NOT TO SCAlE 

SOL PER'TNHS ONLY TO WORK 
RELATED TO CQft.I - NtOi 

SUUCTURE. SUMY MTA.. INVERT 
EL.EVAllOHS • HYO!UrtJUC NW..'t'SIS 

PRO"vlOED B't' OTHEft$, 

COWioiEHi'S 

~ ~ 
"':£ ~" 
t!1 ~; ~~ 
Z z ll~ 1 
(3 w '- ~r; 
z '-'!:!:!' "' 
UJ 5~ ~~ 
<( ~ · f~ 5 s~ut 
<( ~ ~ 
Vl : 

0 
z 
~ ~ ~~ 
<( ~ · lo( ~ 
~ ~2 ~ J 
Z . NO• 0 ~"' 8 ... 
u ~ ~~~ 
0::: :it1r;:e 
w ~a ~ i' 
1- 0 i .c.. z • 
::> 
I 

~ 

~ 
~0 
~~ 
~ ~ 
ILl ::I mu 

~5 
0~ 
~I 

z 
0 
(..1 

~ 
r.J 

~ 
~ 
u 
(I) 
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. . .. \ \\ \ .. , SlA!>r>i 
......... _ TOW 12i 

-\ -\\ \ . ... "'1 
ll!!llb,. \ -\\ \ . -· 

\ \\ ~ 

J 
... 

'""-· · 

L -;:;·~ 

~ 

'""- CAHl( IIR(AIC 
SlA 49+1 6, 41...)8' IQ 
TOW 12&S.12 

OUTLET [L£VATION 
SCN.£ 1 • 101 

(IUD [UVAJlCII SIAM) 

I'WOtJrl. POt COT 
STD rm. 2508 

~ \OWY SlATOICS. SKEW 
HtGl£. CfTS£TS GIWl BREAK 
lOCAmNS fl WAllS, 1rM:> 
~TlONS wmt Lltl SHUT 

-""' OS05. 

5 BARREL 36' SPAN X 9'-6" RISE CON-ARCH CULVERT 
WESTERN CULVERT 9 STA 49+67.76 

--

-( 

~ - - - -- ----

SlA »t-oa5a: .. ·~~--~- rn . .- ) . 
TOW 1285.02 
IN 1270.H 

WIG'fii.All 0£SIGH 8T t.RS 

'WirQrWJ. D£SIGH IN URS 

--~ 

"' 
~ 
(/) 

w 
z 

-

<:> z 
I= 
u 
<( 

g: 
5 
u 
Q: 

~ 
z 
:::) 
I 

~ 
F ,:; 
0~ .N ,. 
~~-
::itl 

§" 

:::J i>-----< 
:r: 
u 
!;;( 
:::0 

~ 

~ 
~0 
~li: 
~~ 
w:J 
CDU 

~5 
0~ 
~I 

z 
8 

~ 

~ 
~ 
~ 



•••••••••••••••••••••••••••••••••••••••••••• 

0 
<0 
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~ / 
V) 

w 
:z 
::J 

::c 
g 
~··· ·· 

/ , 

·· ·· .... : .~. _ _.. ·· .,.,... 

)( "· 
52+00 ' - --+- -----

~- C£SICN BY I.O!S 

~~ 
CON-ARCH 

~~~S::::F ..... ~ ..... --"""--·---..~--,~ 

NOT[; lrt1tlf'Y STAOONS. SK£'1 
NKU. OfTSOS GRAD( M£N( 
I.OCAJl)NS ~ WAUS. AN) 
UEVATKWS 'MTH t..ftS SH([f 
DS04 Af!ID DS0!5. 

,_,..."" 
STD01l2~ 

OUTLET ELEVATION 
SCAL( , . .. ,o· 

(N.O n!YA!DI ..... ) 

flAt! 
sou 1"• 10' 

/ 

FCWI:CIAECTION\f 
REJif'ORC:OLNl IN 'TXCKOI£0 
(IUIE:JrM,SII ~ OCTAA. 
'J"ONSHIIT~ 

· SlA 5-4+ 79.50. Jl.M' RJ 
'''TOW 12!.M! 

liN 1270.9' 

WloiGWAI..L OCSIGN B'l' L.flS 

l 
t 

C> :s 
~ ~~~~ 
f5 ~~ ~~ 
~ ~::7 
i3 w~ a~ 
z ~:::~r-
w~= o -< 0 

< i~~e 
5 u~~l < •• 
(/) ~ 

C> 
z 
F • u ~ 

< ~· "' ~:n F 0 C z ~ ..... 
0 3' 

(.) ~~ 
a::: :z~ 

!:;! ~" z ~ 

::> 
I 

~ 

~ 
~c N 
Ot- < 
O:a: 

~~ ~ 
w::J c 
mu ~ 

35 ° oet: u z< II) 
-I z 

0 
u 

5 BARREL .36' SPAN X 9'-6" RISE CON-ARCH CULVERT 
EASTERN CULVERT 0 STA 53+62.14 

S(AL Ptfrr.-.NS ONLY TO WORK I I ~~·· .,.,,v, I 
RElATED TO CON-ARCH NO OAT£ 8Y CONI.A£N TS stALl: AS NOl£O ~~Rf~~S~~~~ I A I I l cuc~~ ··~~Du : .,_ 

Pf!O\IUO !N OTHEIOS. 
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FIHISHED GRADE 

· -Ka TO 1'-a• 

® 36'x9'-6" ARCH SECTION 

ICOT C- 1 O.SO twi 
BARRIER PER URS Pl..NfS 

~A.B.C. 

e·-o· 

® TYPICAL DETAIL OF HEADWALL 
8 SECTION AT OUTLET 1/2"· 1·- o· 

lr----~-~-=--...--, 

CON-ARCH 
~~-:~-==::.::....~ 
------·~..---..---...... --,..-- .. -...... ..._..-. 

UJi 
-l ~ 
CONCRETI' 
nNISH PUt 
NtCHIT£CnJRAl 
PWOS 
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APPENDIX Ill 

FIELD LOAD TEST RESULTS SHOWN HERE FOR 
REFERENCE ONLY, ON THE PERFORMANCE OF 

CON-ARCH CULVERTS BUILT BY C.L. RIDGEWAY IN 
THE PAST 
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CON-ARCH LOAD TEST DATA (page 1 of 2) 
: Locc:tion # Brls Soan Thick · S/1' Cover Equipmt : Axle Measured Allow FS -- ··-

--~- . ! Load Lo:::d De flection Defl~cticr1 
.. ~ . . . . . . . - . ~ . --· .. . - ... - -.. . . ---- r 

(ft) (in .) (ft) (kios) lin) Spar./800 

Camino de Ia 1 32 9 43 7.5 CAl 9888 60 0.012 0.48 61 --- ·-·· . .. -.. .. ·- · ... -------· ·------- ·- - ---·------· -··· - ··· - - - ---· .. ... -- ·- ... ---- -- ---- ·- .. .. 
.. Ca[lca,A.2. Circ ; Loader 

.. ·_:!'' · .. (89-111) 4 25 8 ' 38 ' 2 CAl 9888 60 0.008 0.38 59 
Circ I Loader 

' Sun City 2 22 8-12 ' 26 . 2.5 CAT63 1D 91 0.050 

I 
0.33 13 

Las Vegas, NV ; ' Sciaper -
(92-301) I 

·Rancho 2 20 7-9 30 2.5 CAT 623 67 0.034 0.30 13 
2-: • •• 
: ' ~ 

.. --·----- ----------- . --- --: ' Vistoso, AZ Scraper .. : 

: ~ (95-46) 
2 16 7-9 ; 24! 3 ·CAT 966E ' 27 0.032 0.24 

·-
4 

' 

.··· .. 

Loader ' 

Pinnacle 4 23 9 . 31 1 CAl 955;: 27 0.044 I 0.4? 5 
' 

Reserve II, Al. Loader I -- (96:2 8) ·------·-

AS.-\.~CO 1 47 11 51 . 17 HauiPak 555 0.030 0.11 340 
- --R~ y IV1Ge. ~i:Z.---·-- · 
-·--- 830E 

(95-27) Truck 
Rio Cc:ncion, A2. 1 16 7 ~ 21 : 5 · CAl 615C 48 0.008 . 0.2~ 33 

' (95152) Scr:per · · ' 
2 12 6 . 24 ' 2 · CAT 613C 30 0.0 17 0. i B 7 

-·· · 
! Scraoer 

--~-~~~~~":i<'-~ 2 24 6 : 48 3 Concrete 12 0.035 I 0.35 15 
(95 ~ <!6) Circ .Truck· 

_:~~~~:_;~~ - 1 8 6 1E) ; 0 Concrete n. 0.007 I 0. 12 24 
(Fi-56) i Truck 

Silvert: :/1 Hills 3 12 5 . 24 ' 1.5 · C,c.T 966E 49 0.057 . 0. I 8 3 
P.2 Loadc:r 

(Sc-22) 3 12 5 . ! 24 ;· 1.5 CP:. I 62 18 r:~ 0.067 0.18 3 ...c 
; 

! ; Sere: per 
; Lowe R:serve C-1 1 ~2 12 : 42 ! 2 CAT 910F 49 0.051 0.63 11 
' f--_-----
· _ CP;: (S8-14) Loader ------

1 42 12 :42 4 CA l 970F 49 . 0.027 0.63 26 
·. . - .. .. .. . -· - · .. ·---

Loader - ·--·- -- .. ... ... .. 
1 24 6.5 :44' 7 Dee re 624 20 0.010 0.36 18 

Loader 
Gowc:n I. NV 2 20 8 : 30 : 1 CAT 923t 66 0.022 0.30 18 

(SS- i 7) ! Scraper 
... 

I ; 

' 
' A!!o·:;able Deflec~ion of Span/800 is defined for Service LL : 

- ··- ··-----
Service LL = LL • Impact Facior ·Presence Factor LL = 32 kips -
Presence Fac tor, m = 1.2 for single lane loading AA.SH I 0 3.6.1.1.2 

-
lmpc:ct Factor, IM = 1 + 0.33(1 - 0.125 ·Fill Ht) .AC.SHTO 3.6.2.2 

i I j 
I 

; I .. j 

: i i ; : I 

I I : ; ; 
. · "' .. .1 
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: ... 

CON -ARCH LOAD TE ST OP..TA (page 2 of 2) { .· 
~~~~------~~--~----~~--~~--~~~~~~--~-----.------------~ 

Location ______ _#_S.r!s ___ S_o2n _ _ 1 h ic k_ ,_~~t _ ~ov::~ --~guip.::0.!_~xl e _ M ec:~!:!:ed I-=--=-P.I_Io-:w ____ -=FS,___ 
S t Lo2d Loed Oeflecticr. D:: ~e(;Uc- ~ . . ---- ·- --- .... ..... -- . ---- -- ·- - -· -- --- ----- --=-=-=------=-=--- ... . -- . .... ;;;..;:.~;;,;;;..; _ _____ ' 

____ _________ ________ ______ @ _ ____ (i/1_ l ________ f!D ______ IY,io2_l _ _(in .l_ Sp2n/800 
Benson Airport 15 5 32 3 CAT 631 F 96 0 0~0 ~-=-0 .72 -7' ---,-=-,2--l 

. . - -- ---- - ------ -- -- - ------ . ------ -- -- ------- - ------------ - ----------------
f!..Z ScrapE:r 

0.130 -~ -- ·(99~-~ 3;· --- -- - ---,2-- ___ s ____ :Zs-2- cmill--7--9-----
Scr2per ·- ----------· -------:-~----- -:-:-- ·- - --::-:-: 

16 CP.T623F 72 . 0.025 6 32 c. 
------ ------

.., 19 2 0 . 02~ 

0 29 2 0.050 

7 2 1 2 0.033 ----

2 12 7 21 4 CAl 623F 70 0.025 ------------------:---
------ Scraper 
_. ----- ------~--- ---!? __ ____ 1 _ _ ~~5 . . CAl 623F 70 0.030 

Scrc.per . 
Thomp Pk 'o'kwy 2 28 ~ 37 2 10.000 g 56 0.160 - -- -(99_-'12) _______ _ --- -- -- ----- - -- -W2terT~n-k ___ _ 

O;:;imier-Chr;sier . 6 
---- (99054) 

Anthem 
(99-18) 

S. 12th Avenue 
-~(99-25) . 

__ -_ _L-cpo C2 ~yon · 2 
(99-34) 

Ld 1 est- Concrete 
(00031) 

Ld Test- Shotc re te 

11 

80 

8 

' 20 

28 

28 

6 22 

12 80 

6 16 

8 30 

6.5 c:-...d. 

6.5 52 . 

0.2 Concrete 45 0.025 
Truck 

CA t 62 1F 62 0.089 I 
Sc~c.per I 

Concrete 6<!. 0.020 I 
1 ruck l 

0.005 I 5 . Cor.cr: te 44 
Truck 

1 Jc.ck 187 0.420 

Jc;ck 1t::C --- 0.420 

0.10 2 

0.2L 15 

0.12 8 

0.13 v 

C. IE 8 

0.15 <' ,, 

0. 1S 9 

0_.:!:2 3 

0.1/ 6 

...... , ... 
J. L ;,) 19 

0. i2 8 

0 ~n . ~v 69 

0.42 3.8 

0.42 3.2 

. ------- -- - ----------- - ---- ------------- --------- ---1----------
. . ---·- . --- ---- - - -- ·- -- -- -- - ------------------1--------1 

. - ... ------------~---------------------------!---------1 
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APPENDIXV 

HEADWAll . 
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SACRA ENGINEERING 
215 W Giaconda Way 
Tucson, A2. 

Title headwall for indian bend 
Job# 6138 Dsgnr: ats 
Description .... 

Page: __ _ 
Date: AUG 7,2005 

Ph: 520 622 3484 
Fax: 520 622 0412 

This Wall in File: D:\600016138 indian bend scottsdale\6138 

Retain Pro 2005 , 23-June-2006, (c) 1989-2006 
www.reta lnpro.com/supportfor latest release Tapered Stem Concrete Retaining Wall Design 
Registration#: RP-1146425 2005022 

Code:AASHTO 

I Criteria ~-... ------~--... • I Soil Data 
l I Footing Strengths & Dimensions • 

Retained Height 8.50 ft 

Wall height above soil "' 0.00 ft 

Slope Behind Wal = 0.00 : 1 
Height of Soil over Toe 0.00 in 

Water height over heel "' 0.0 ft 

Allow Soil Bearing "' 3,450.0 psf 

Equivalent Fluid Pressure M~thod 

Heel Active Pressure - 35.0 psf/ft 
Toe Active Pressure 35.0 psf/ft 
Passive Pressure 0.0 psf/ft 
Soil Density "' 120.00 pcf 

Toe Width 
Heel Width 
Total Footing Widtt . 

Footing Thickness 

Key Width 
Key Depth 
Key Distance from Toe 

= 

0.00 ft 
6.00 
6.00 

14.00 in 

O.OOin 
0.00 in 
0.00 ft 

Wind on Stem 0.0 psf FootingiiSoil Frictior 0.500 

Soil height to ignore 
for passive pressure 

fc = 3,000 psi Fy = 60,000 psi 
150.00 pcf 
0.0018 

Vertical component of active 
lateral soil pressure options: 

USED for Soil Pressure . 
USED for Sliding Resistance. 
USED for Overturning Resistance . 

0.00 in 
Footing Concrete Density 
Min. As% 
Cover@ Top = 3.25 in @ Btm.= 2.25 in 

I Surcharge Loads I I Lateral Load Applied to Stem I I Adjacent Footing Load I 
Surcharge Over Heel 240.0 psf 
>>>Used To Resist Sliding & Overturning 

Surcharge Over Toe = 0.0 psf 
Used for Sliding & Overturning 

I Axial Load Applied to Stem W 

Axial Dead Load 
Axial Uve Load 
Axial Load Eccentricity 

0.0 lbs 
0.0 lbs 
0.0 in 

Lateral Load 
... Height to To~ 
... Height to Bottorr 

I Earth Pressure Seismic Load • Kae for seismic earth pressure 

0.0 #1ft 
0.00 ft 
0.00 ft 

Adjacent Footing Load O.Oibs 
Footing Width 0.00 ft 
Eccentricity 0.00 in 
Wall to Ftg CL Dis! 0.00 ft 
Footing Type Line Load 
Base Above/Below Soi l 

0.0 ft at Back of Wall 

Poisson's Ratio 0.300 

Added seismic base force 0.0 lbs 
'JDe!!llllsl!liglllllniiii!KI!!h _____ lllll_l!!l

0
_11!
1

1!!!
2

1!!1
0

11111g--• Ka for static earth pressure 
0.000 

0.000 

0.000 
<<- Note! These are horizontal components 

Difference: Kae - Ka 
Using Mononobe-Okabe I Seed-Whitman procedure 

I Stem Weight Seismic Load 1 FP/ WP Weight Multiplier 0.120 g Added seismic base force 0.0 lbs 

~~ .D.es~i•g•n•S•u•m•m .. a-~ ............. 1 'I T_a_p_e_r-ed __ C_o_n-cr-e-te--S-te_m __ D_e_s-ig_n_D_a_t_a------------------------~ • 

Total Bearing Load 9,111 lbs Thickness at TOP 
... resultant ecc. 9.35 in Thickness at BOTTOM 

10.00 in 
10.00 in 

Soil Pressure@ Toe 2,701 psf OK 
Soil Pressure @ Heel 336 psf OK 

Rebar Cover ( rebar center to concrete face ;2.40 in 

@Height #1 
Allowable 3,450 psf 

Soil Pressure Less Than Allowable 
ACI Factored @ Toe 3,324 psf 
ACI Factored@ Heel 413 psf 

Footing Shear@ Toe 0.0 psi OK 
Footing Shear@ Heel = 20.9 psi OK 

Allowable 93.1 psi 

Sliding Cales Slab Resists All Sliding ! ~ 
Lateral Sliding Force = 2,288.1 lbs ) 

Load Factors ------------+-~ 
Building Code AASHTO / -

Live Load 2.170 
Earth,H 1.690 

Design Height Above Ft~ 
Rebar Size 
Rebar Spacing = 
Rebar Depth 'd' 

Design Data 

Mu .... Actual 
Mn • Phi. .... Allowable 

Shear Force @ this height = 
Vu ..... Actual 
Vn • Phi. .... AIIowable 

Rebar Lap Required 
Hooked embedment into footing 

Stem OK 

6.25 ft 
# 6 

12.00 in 
7.10 in 

411.7 ft-# 
13,201 .3 ft-# 

415.91bs 
4.88 psi 

82 .16psi 

25.63 in 

Dead Load 1.300 ~ 

W ind, W 1.300 A r2 
Seismic, E 1.000 ~c H (2fE "'_.,1ST~ }l t..-1. St,' D1rJ (:-

Fy 
rc 

@ Height#2 

Stem OK 

2.00 ft 
# 6 
12.00 in 
7.10 in 

5,206.4 ft-# 
13,201 .3 ft-# 

2,018.5 lbs 
23.69 psi 
82. 16 psi 

25.63 in 

60,000psi 
3,000psi 

@Base of Wall 

Stem OK 

0.00 ft 
# 6 

12.00 in 
7.10 in 

10,327.8 ft-# 
13,201 .3 ft-# 

3,142.3 lbs 
36.88 psi 

82.16 psi 

11 .50 in 
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Title : headwall for indian bend Page: __ _ SACRA ENGINEERING 
215 W Giaconda Way 
Tucson,Az 

Job# : 6138 Dsgnr: ats Date: AUG 7,2005 
Description .... 

Ph: 520 622 3484 
Fax: 520 622 0412 

This Wall in File: 0:\6000\6138 indian bend scottsdale\6138 
Retain Pro 2005 , 23-June-2006, (c) 1989-2006 
www.retalnpro.com/support tor latest release Tapered Stem Concrete Retaining Wall Design Code: AASHTO 
Registration#: RP-1146425 2005022 

I Footing Design Results I 
Toe Heel Toe Reinforcing # 5 @ 6.00 In 

Factored Pressure = 3,324 ------;r;3 psf Heel Reinforcing # 5 @ 6.00 in 
Mu': Upward 0 16,661 ft-# Key Reinforcing None Spec'd 

Mu' : Downward o 31 ,624 ft-# Other Acceptable Sizes & Spacings 
Mu: Design o 14,962 ft-# Toe: Not req'd, Mu < S • Fr 
Actuai1-Way Shear 0.00 20.92 psi Heel: #4@ 6.00 in.' #5@ 9.25 in, #6@ 13.00 in, #7@ 17.75 in, #8@ 23.25 in, #9@ 2 

Allow 1-Way Shear 0.00 93.11 psi Key: No key defined 

I Summary of Overturning & Resisting Forces & Moments 

Item 

Heel Active Pressure 
Toe Active Pressure 
Surcharge Over Toe 
Adjacent Footing Load 
Added Lateral Load 

Load @ Stem Above Soil = 
Seismic Load 

Total 

. ..•. OVERTURNING •.•.. 
Force Distance Moment 

lbs ft ft-# 

2,311.9 
-23.8 

3.69 
0.39 

2,288.1 O.T.M. 

8,539.8 
-9.3 

8,530.5 

Resisting/Overturning Ratio 3.37 

9,110.9 lbs Vertical Loads used for Soil Pressure = 

Vertical component of active pressure used for soil pressure 

DESIGNER NOTES: 

Soil Over Heel = 
Sloped Soil Over Heel 
Surcharge Over Heel 
Adjacent Footing Load 
Axial Dead Load on Stem = 
Soil Over Toe 
Surcharge Over Toe 
Stem Weight = 
Earth above Sloping Sterr= 
Footing Weigh! 
Key Weight = 

.. .. . RESISTING ..... 
Force Distance 

lbs ft 

5,270.0 3.42 

1,240.0 3.42 

0.00 

1,062.5 0.42 

1,050.0 3.00 

Vert. Component ___ _::48:::.::8::....4:.... 6.00 
Total= 9,110.9 lbs R.M.= 

Moment 
ft-# 

18,005.8 

4,236.7 

442.7 

3,150.0 

2,930.1 
28,765.4 

• 
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10." Cone w/ #6@ 12." 

#6@ 12." 

10." Cone w/ #6@ 12." 

#5@6.in 

@Heel 

8'-6" 

6'-0" 

6'-0" 



2701.4psf 



APPENDIX C 
RETAINING WALLS 
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