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A DIiLEO
Engineering
Structural & Civil JOB NO. 960 { SHT. / oF

‘ 2432 W. Peoria + Phoenix, AZ 85029-4727 DESC. BY
(602) 395-0756 DATE

VERTICAL PRESSURE DISTRIBUTION FOR 40K OUTRIGGER

(W 40 K
e
1
N
10’
\\ 12'
r-e 14’
A J.':':1 1_—'—_!-0- A \6'
| 1 \ 1 [
® i 1
SECTION A-A
10’
12°
14’
16’
W PLAN Vertical Pressure on Footing:

@ 10'= 40/(13x22)=0.140 KSF
@ 12'= 40/(15x26)=0.103 KSF

@ 14'= 40/(17x30)=0.078 KSF
@ 16'= 40/(19x34)=0.062 KSF

ey
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File: C9601A, Disk 35 _
Lateral Loading to 16 Foot High Wall

Outrigger Equiv.
Lateral

Load

39
127
207
249
250
227
193
159
128
103
82
66
53
43
35

1,961

Fluid
Pressure

as

70
105
140
175
210
245
280
315
350
385
420
455
490
525

4,200

Moment

Arm
@Wall

15
14
13
12
11

2 N WbdbooO~NO©

Dileo Engineering

Moment
@ Wall

1,110
2,758
4,056
4,668
4,675
4,370
3,942
3,512
3,101
2,718
2,335
1,944
1,524
1,066

560

42,339

Lateral Loading to 14 Foot High Wall

Qutrigger Equiv.
Lateral

Load

39
127
207
249
250
227
193
159
128
103

82

66

53

1,883

Fluid
Pressure

35

70
105
140
175
210
245
280
315
350
385
420
455

3,185

Moment
Arm
@Wwall
13
12
11
10
9
8
7
6
9
4
3
2
1

Moment
@ Wall

962
2,364
3,432
3,890
3,825
3,496
3,066
2,634
2,215
1,812
1,401

972

508

30,577

Moment
Arm
@ Footing

17
16
15
14
13
12
11
10

g

WhHh OO N®

Moment
Arm
@ Footing

14.67
13.67
12.67
11.87
10.67
9.67
8.67
7.67
6.67
5.67
4.67
3.67
2.67

BUZ23Yb1 1bU

Moment
@ Footing

1,258
3,152
4,680
5,446
5,525
5,244
4818
4 390
3,087
3,624
3,269
2,916
2,540
2,132
1,680

54,661

Moment
@ Footing

1,086
2,693
3,953
4,540
4,535
4,226
3,797
3,367
2,955
2,569
2,181
1,784
1,356

39,041
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Lateral Loading to 12 Foot High Wall

Outrigger Equiv. Moment Moment Moment Moment
Lateral Fluid Arm @ Wall Arm @ Footing
Load Pressure @Wall @ Footing
39 35 11 814 12.33 912
127 70 10 1,970 11.33 2,232
207 105 9 2,808 10.33 3,223
249 140 8 3,112 9.33 3,629
250 175 7 2,975 8.33 3,540
227 210 6 2,622 7.33 3,203
193 245 5 2,190 6.33 2,773
159 280 4 1,756 5.33 2,340
128 315 3 1,329 4.33 1,918
103 350 2 906 338 1,508
82 385 1 467 2.33 1,088
1,764 2,310 20,949 26,367

Lateral Loading to 10 Foot High Wall

Qutrigger Equiv. Moment Moment Moment Moment
Lateral Fluid Arm @ Wall Arm @ Footing
Load Pressure @Wall @ Footing
39 35 9 666 10.25 759
127 70 8 1,576 9.25 1,822
207 105 7 2,184 8.25 2,574
249 140 6 2,334 7.25 2,820
250 175 5 2,125 6.25 2,656
227 210 4 1,748 5.25 2,294
193 245 3 1,314 4.25 1,862
159 280 2 878 3.25 1,427
128 315 1 443 2.25 897

1,579 1,575 13,268 17,211

U4
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DiLeo Engineering,
2432 West Peoria Ave. Suite 1200
Phoenix, AZ 85029
10 Foot Retaining Wall
Weights:
Sail 120 pcf x 10 Ft Depth 5.09 Ft Width = 6,108
Outrigger 140 psf x 5.09 Ft Width = 713
Wall1 150 pcf x 1 Ft Thick 10 FtHigh = 1,500
Wall2 150 pcf x.5x 0.41 Ft Thick 10 Ft High = 308
Footing 160 pcf x 1.66 Ft Thick 9 FtlLong = 2,241
Total 10,869 LBS
Sum Moments @ 'A' to determine Resultant L ocation
Wall1 1,500 Lbs x 341 5115
Wall2 308 Lbs x 278 855
Footing 2,241 Lbs x 45 10,085
Soil & Outrigger 6,821 Lbs x 6.47 44 129
Lateral Loads -17.211
Total 42 973 Ft Lbs
Resultant Location from ‘A’ 42 973 = 3.95365 Ft
10,869

Safety Factor Against Qverturning: 3.49681
Safety Factor Against Sliding: 1.37845 <1.5 Needs a key
Key:
Passive pressure needed: 383.36 Lbs. 1-0"
Depth of Key needed: 1.75125 Ft.
Soil Stresses:

Footing Area: 9 Sq Ft 10-0"

Section Modulus: 13.5 Ft"3

Footing Eccentriciy 0.54635 Ft

Vertical Loads: 10,869

Max. Soil Pressure 1647.55 2'8" 51"

Min. Soil Pressure: 767.802 5"

1-8"
A 2.8

Y

1-8" I 2'_0"

90"
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DiLeo Engineering, @

2432 West Peoria Ave. Suite 1200
Phoenix, AZ 85029

12 Foot Retaining Wall

Weights:
Soll 120 pcf x 12 Ft Depth 6 Ft Width = 8,640
Qutrigger 103 psf x 6 Ft Width = 618
Wall1 150 pcf x 1 Ft Thick 12 Ft High = 1,800
Wall2 150 pcf x .5x 0.5 Ft Thick 12 Ft High = 450
Footing 150 pcf x 1.66 Ft Thick 10.5 FtLong = 2615
Total 14,123 LBS
Sum Moments @ 'A' to determine Resultant Location
Wall1 1,800 Lbs x 4 7,200
Wall2 450 Lbs x 3.34 1,503
Footing 2615 Lbs x 525 13,726
Soil & Outrigger 9,258 Lbs x 7.5 69,435
Lateral Loads -26,367
Total 65,497 FtLbs
Resultant Location from ‘A’ 65,497 = 4.63779 Ft
14,123
Safety Factor Against Overturning: 3.48406
Safety Factor Against Sliding: 1.3866 <1.5 Needs a key
Key:
Passive pressure needed: 462 Lbs. 10"
Depth of Key needed: 1.9225 Ft.
Soil Stresses:
Footing Area: 10.5 Sq Ft 12-0"
Section Modulus: 18.375 Ft*3
Footing Eccentricity 061221 Ft
Vertical Loads: 14,123
Max. Soil Pressure 1815.53 PSF 30" 8'-0" i
Min. Soil Pressure: 874.469 16"
1'-8"
A 30
1’_6“ 21_0"

4— 1 0'—6"——’
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DiLeo Engineering,
2432 West Peoria Ave. Suite 1200
Phoenix, AZ 85029

6023351150

14 Foot Retaining Wall
Weights:
Soil 120 pcf x 14 Ft Depth 7 Ft Width = 11,760
Outrigger 78 psf x 7 Ft Width = 546
Wali1 150 pcf x 1 Ft Thick 14 Ft High = 2,100
Wall2 150 pcf x.5x 0.59 Ft Thick 14 Ft High = 620
Footing 150 pcf x 1.66 Ft Thick 12 FtLlong = 2,988
Total 18,014 LBS
Sum Moments @ 'A' to determine Resultant Location
Wall1 2,100 Lbs x 45 9,450
Wall2 620 Lbs x 3.81 2,360
Footing 2,988 Lbs x 6 17,928
Soil & Outrigger 12,306 Lbs x 8.5 104,601
Lateral Loads -38.041
Total 95,298 Ft Lbs
Resultant Location from 'A' 95,298 = 5.29038 Ft
18,014
Safety Factor Against Overturning: 3.44098
Safety Factor Against Sliding: 1.42174 <1.5 Needs a key
Key:
Passive pressure needed: 396.6 Lbs. 10"
Depth of Key needed: 1.78124 Ft. 4
Soil Stresses:
Footing Area: 12 Sq Ft 140"
Section Modulus: 24 Ft*3
Footing Eccentricity 0.70962 Ft
Vertical Loads: 18,014
Max. Soil Pressure 2033.74 PSF 3-5" 70"
Min. Soil Pressure: 968.512 17"
1!_8“
A 35"
16"| y 20"

— 1220 ... 5

0/
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DiLeo Engineering, O
2432 West Peoria Ave. Suite 1200 7
Phoenix, AZ 85029

16 Foot Retaining Wall

Weights:
Soil 120 pcf x 16 Ft Depth 8.33 Ft Width = 15,994
QOutrigger 62 psfx 8.33 Ft Width = 516
Wall1 150 pcf x 1 Ft Thick 16 Ft High = 2,400
Wall2 150 pcf x .5x 0.67 Ft Thick 16 Ft High = 804
Footing 150 pcf x 2 Ft Thick 14 FtLong = 4,200
Total 23,914 LBS
Sum Moments @ 'A' to determine Resultant Location
Wall1 2,400 Lbs x 5.17 12,408
~ Wall2 804 Lbs x 442 3,554
Footing 4,200 Lbs x 74 28,400
Soil & Outrigger 16,510 Lbs x 9.83 162,294
Lateral Loads -54 661
Total 152,995 FtLbs
Resultant Location from 'A' 152,995 = 6.39768 Ft
23,914
Safety Factor Against Overturning: 3.79897
Safety Factor Against Sliding: 1.55261 >1.5 OK
Key:
Passive pressure needed: 0 Lbs. 1-0"
Depth of Key needed: O Ft.
Sail Stresses:
Footing Area: 14 Sq Ft 16-0"
Section Modulus: 32.6667 Ft*3
Footing Eccentricity 0.60232 Ft
Vertical Loads: 23,914
Max. Soil Pressure 2149.08 PSF 40" 8'4"
Min. Soil Pressure: 1267.21 1-8"
ZI_OII
A 40"
1"‘6“ 2!_0"

14'-0 "

A\ 4

y §
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Cont. #6

#5@6" 11°-2"
BAR'G’'@12" 6 —5"
BAR'H'®12" BAR 'G' BAR 'H’

T

e
2'—-6" 1 '—6 \ "
= #4 @ 12
91_0"
10’ Retaining Wall
etaining Wa
- 17.08.31 CONTRACT ~2000C041 File: D9OTA, Disk #104 snt 1 of ¥
FLOOD CONTROL DISTRICT DiLEO Retaining Walls
of Maricopa County Engineering
2801 West Durango St. Structural & Civil to Protect
Phaenix, Arizona B5009 2432 Weat Feorle Ave. Phoant, AZ. 85028 SRP Power Poles
(602) 506—4601 (602) 395-0756
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12' Retaining Wall
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Ceatechnical and Fnvironmental Sciences Consultants

September 24, 2001
Project No. 600220001

Mr, Warrcn Roscbraugh, P.E.

Flood Control District of Maricopa County
2801 West Durango Street

Phoenix, Arizona 8§5009-6399

Subject: Preliminary Foundation Recommendations
Laveen Arca Conveyance Channel
Maricopa County, Arizona
FCD Project No. 1170831
Contract FCD 2001C004
Assignment No. 1

Dear Mr. Rosebraugh:

Based on our recent conversations, we understand that you would like us to provide preliminary
foundation recommendations for the above-mentioned project. These foundations will be used
to support the new retaining walls that will be located adjacent to the SRP power poles, and
could extend 12 to 18 feet below the ground surface.

We recommend utilizing continuous footings for this project, with a width of 12 or more inches.
Continuous footings should be reinforced with two or more No. 4 reinforcement bars, one placed
near the top and one placed near the bottom of the footings, and further detailed in accordance
with the recommendations of the structural engineer. Footings may be designed using an allow-
able bearing capacity of up to 3,000 pounds per square foot (psf) for static conditions.

Total and differential settlement of up to about onc inch and one-half inch, respectively, may oc-
cur. Distortions of no more than about I inch (vertical) over 20 feet (horizontal) are possible.

Foundations that are subject to lateral loadings may be designed using an ultimate coefficient of
friction of 0.4 (total frictional resistance equals the coefficient of friction multiplicd by the dcad
load). An ultimate passive resistance value of 250 pounds per square foot per foot of depth can
be used. The ultimate lateral resistance can be taken as the sum of the frictional resistance and
passive resistance, provided that the passive resistance does not exceed two-thirds of the total
allowable resistance. The passive resistance may be increased by one-third when considenng
loads of short duration such as wind or seismic forces. The foundations should preferably be
proportioned such that the resultant force from lateral loadings falls within the kem (i.e., middle

one-third).

5035 South 33rd Street » Phocnix, Arizona 85040 < Phone (602) 243-1600 * Fax (602) 243-2699

Phoenix = Irvine = San Diego » Los Angeles « Qakland =« L3s Vegas « Salrlake City = Onrarn
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Flood Control District of Maricopa County Scptember 24, 2001
Preliminary Foundation Recommendations Project No. 600220001
FCD Project No. 1170831

Is was a pleasure working with you on this phase of the project. Should you have any qucstions
related to this letter, please contact the undersigned at your convenience.

Sincerely, -
NINYO & MOORE

Steven D. Nowaczyk, P.E.
Senior Project Engineer

G200 e e 2 ”/nyﬂ & Munl‘e
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Kumar Hanumaiah - FCDX

To: dileo@quik.com
Cc: Michael Lopez - FCDX; Kumar Hanumaiah - FCDX
&ubject: Retaining walls

The following are the preliminary review comments for the Retaining walls to protect SRP power poles of
Laveen Area Conveyance Channel (LACC)

1 Proposed dimensions of walls and footings are o.k. Minor changes in
dimensions may be required to keep the footing pressure within the allowable
bearing pressure of 3000 psf. as recommended by Geo.tech.

2, At present the crane load on the Heel is distributed at 1 Horz. to 2 Vert.
Let us call this as case 1, which gives max. load for the design of heel slab.

Also an other case, let us call this as case 2, when the crane load distribution
on the Heel is at 1 Horz. to 1 Vert. as per the usual AASHTO distribution,
gives much less downward load on the heel. This loading case may be
critical to check for sliding and we might end up with an 18"x18" key at the

base slab.

3. Bar "B" vertical leg of 17°-0" appears to be too high and hard to keep in place
after the base slab is poured. Splices are recommended for bars with high
vertical legs.

‘ Minimum vertical reinforcing #4 @ 18" shown at the front face of the wall.
Recommend dowels into the base slab to match with the wall steel of
#4@18".
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

Project: Laveen Area Conveyance Channel Page 1
Computed By: SKH Checked By: KVH

Typical Cantilever Retaining Wall
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

|

Project: | Laveen Area Conveyance Channel Page 2
Computed By: SKH Checked IBy: KVH
DESIGN OF CANTILEVER RETAINING WAL_L
(Wall # 6 - Pole # 121)
Soil Properties:
Cohesion (undrained shear strength c) — 0.00 LB/FT?
Angle of Internal Friction (Phi) = 30 Degrees
Soil Specific Weight (gamma) = 120 PCF
Soil Specific Weight (gamma) beneath water table = 135 PCF
Allowable Soil Pressure = 3500 PSF
Active Soil Pressure Coeff. (K,) = 0.33
Passive Soil Pressure Coeff. (K;) = 3.00
Adhesion (cy) | = 0.00] LB/FT
Angle of External Friction (delta) = 25.00]  Degrees
Coefficient of friction tan(delta) = 0.47|For sandy soil with silt
Concrete & Steel Properties:
Concrete Specific Weight = 150 PCf
Concrete Compressive Strength (f.”) 3,000 PSI
Steel Yield Strength (f,) = 60,000 PSI
Loads:
Vertical Force (F,) = 0 LB/FT
Vehicle Impact (F,) = 0 LB
Equivalent Height of the Surcharge = 0.00 BT
Surcharge Uniform Force (q) = 0 LB/FT°
Truck Axial Load (T)) I = 220,000 LB
A flag (1 if Truck load exists, 0 otherwise) = 1
Truck Consentrated Load is Distributed Over 1.00 FT
Dimensions:
Difference Between Bed and Bank (h;,) = 6.00 FT
Depth from Bed to the top of footing (h) = 4.00 FT
Height of Stem (hy) = 16.00 FT
Base Thickness (B,) = 2.75 FT
Total Height (H) = 18.75 FT
Footing Base Width (B,,) = 17.00 FT
Height of Wall Above Grade (1) = 0.25 FT
Wall Thickness at the Top (t,) 1.00 FT
Wall Thickness at the Bottom (t;,) = 295 KT
Key Width (K,,) 1.00 FT
Key Thickness (K,) = 2.50 FT
Width of the Toe (W,) B = 5:25 FT
Width of the Heel (W}, 9.00 FT
Distance from Key to the Toe = 0.00 FT
Height of of water table (h,,) = 0.00 FT
Height of the handrail (hy,) = 0.00 FT
Distances 7f Truck LOTdS from Wz‘ﬂ] = 1 and 36 FT




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

| J |

Project: Laveen Area Conveyance Channel Page 3
Computed By: SKH Checked By: KVH
|
A flag (1 if Passive Pressure is considered, 0 otherwise) 0
A flag (1 if| Soil Weight above Toe is considered, 0 otherwise) 0
Sliding Forces Overturning moments (OTM)
Design Impact Force (I) = 0 LB[|O.T.M. (I) = 0| FT.LBS
Active Earth Pressure (F,) = 7,031 LB(|O.T.M. (F,) 43,945| FT.LBS
Water Pressure (F,,) = 0 LB||O.T.M. (F,,) 0/ FT.LBS
Surcharge (F)= | 0 LB|O.T.M. (F,) 0| FT.LBS
Pressure of| Truck (Fr)) = 9,200 LB|O.T.M. (Fr)) = 101,244| FT.LBS
........... |
Sum of Sl’iding Forces = 16,231 LB(|Sum of ?TM = 145,189| FT.LBS|
Vertical / Resisting Forces Moments due to Vertlcal/ResxstmgForces
W1 (Wall rectangle part) = 2,438 LB|M, = 18,281 FT.LBS
W2 ( Wall triangle part) = 2,133 LB|M, = = 13,686/ FT.LBS
W3 (Footing) = 7,013 LB|M; = 59,606/ FT.LBS
W4 (Key) = 375 LB[M,= 188/ FT.LBS
W5 (Soil) = 17,280 Lgl M; = 216,000 FT.LBS
W6 (Surcharge) = 0 LB|M¢ = 0| FT.LBS
W7 (soil above the toe) = 0 LB(M; = = 0| FT.LBS
Fv (Axial Load)= | 0 LB[M;, = 0| FT.LBS
Water above the heal = 0 LB| = 0/ FT.LBS
Truck Loads (T)) = 1 6,346 LB|Mp = 79,327| FT.LBS
Passive Pre’ssure (Fp) T 0 LB(|Mpassive p = = 0| FT.LBS
Sum of Vertical Loads (SV) = 35,584 LB(Sum of Resisting Moments = 387,087| FT.LBS
|
Factor of Safety Against Overturning
F.S.= |Resisting Moment / Overturning Moment = 2,67 >20 OK.
Check of Soil Stresses 1
Net Moment (NM) = Resistance Moment - O.T.M. = 241,898 FT.LBS
Location of Resultant Force from Point O (X)) =NM/SV = 6.80 FT
Eccentricity (B) =B,/2-X, | = 170 FT
Middle 1/3 of the Footing base = Bw/3 = 5.67 FT
Eccentric Moment (EM) = SV * Ec = 60,566 FT.LBS
Footing Section Modulus (SM) = B, /6 = 48.17 FT®
Toe Stress (f,) = SV/Bw + EM/SM | = 3,351 PSF
Heel Stress (f,) = SV/Bw - EM/SM = 836 PSF

O.K. Eccentricity is Less than Bw/6. No Soil Negative Stress at the Heel

0.K. Soil Stresses have not been exceeded

0O.K. Soil Stresses have not been exceeded

|
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|

Factor of Safety Against Sliding

The Retaining Wall has a Key and Passive Pressure is ignored

|

* Case 1: Retaining Wall with the Key

Upward Soil Pressure Force at the Toe (Rt) = 15,552 LB
Sum of Vertical forces on the Heel (Hg) = 20,032 LB
Passive force on the ke = 4,961 LB
Sliding Resistance = Ry*tan(phi) + Hg*Friction Coeff. + C,*B,, + Passive Force
| = 23,281 | LB
F.S. Against Sliding = Sliding Resistance / Sliding Forces
= 1.43 <1.5 Unaccebtable

** Case 2: Retaining Wall without the Key|

Sliding Resistance = Sum of vertical loads * Friction Coeff. + C,*B,, + Passive Force
| = 16,593 l LB
F.S. Against Sliding = Sliding Resistance / Sliding Forces
= 1.02 <lL5 Unaccebtable

RC Design using Working Stress Method

Design of Stem

Required reinforcement Due to Flexure:

Thickness of the Stem at the interface with the footing (t;) = 2.75 FT
Assumed section depth (d) =t, - 2" (cover) - 0.5" (half bar diameter) = 30.50 IN
Moment at the bottom of the stem (M) = 103,383 FT.LB
Allowable concrete strength f, = 0.4 = 1200 PSI
Allowable steel strength fs = 24000 PSI
Modular ratio (n) = 9 Coeffiecient k = 0.310
Coeffieient a = ‘ 1.79 Coefficientj = 0.897

Coeffieient K = | 166.9

Required section depth (d,) = Sqrt [Mgem / (b*K)] = 24.89 IN| OK
A, required per foot of wall width = 1.89 inch’
Preferred rfmt. spacing = 6 IN Use Bar Size # 9

Check of Shear at the critical Section of the Stem:

Allowable stresses in concrete = 0.95*sqrt(f,;)) = 52.0 PSI
Viiem = Shear at 30.50 inch from the footing surface q " /
= 12,823 LB v |
Stem depth d’ i = 2.26 FT d
Rfmt. Concrete Shear Stress = 39 PSI < Allowable dq

Allowable Shear Strength is Geater than the Actual Shear O.K.
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Check of Development Iength of the Stem According to ACI 318.12.2.2:
Vertical Bars (Alpha) = | 1.00 Uncoated (Beta) = 1.00
Normal weight Concrete (Lamda) = 1.00
Development Length (Iy) = [dy*f, *alpha*beta*lamda] / [20*sqrt(f.’)] inch
| = 411 | inch| > B,
Therefore, hooks should be used on the ends of the stem bars
Check of Required Temperature Reinforcement for the Stem:
Ayemp= |0.0018* b* ty | | | = 0.49 inch?
Two third of temp. rfmt. to be put on the front face of the stem = 0.32 inch’
One third of temp. rfmt. to be put on the back face of the stem = 0.16 inch?
Design of Footing (Heel):
Disregard soil pressure under the heel
Uniform load above the heel (w},) = soil load + own weight of heel + surcharge + truck
= 3,038 LB/FT
Required reinforcement Due to Flexure:
Distance from vertical stem rfmt. to the heel edge = W, + cover + d, /2 = 9.21 FT
Mo | I [ [ = 76,964| FT.LB
Heel depth (dy) = | Heel thickness - 2 inch (cover) - dy/2 = 2.54 FT
Required section depth (d,) = Sqrt [Myee; / (b*K)] = 21.47 IN OK
A, required per foot of wall width = 1.41 inch’
Preferred rfmt. spacing = 6 IN Use Bar Size # 8
Check of Shear at the critical Section of the Heel:
Allowable stresses in concrete = 0.95*sqrt(f) = = 52.03 PSI
Vi | = Shearat stem face = 13,826 LB
Rfmt. Concrete Shear Stress = 38 PSI < Allowable
Allowable Shear Strength is Geater than the Actual Shear O.K.
Check of Required Temperature Reinforcement for the Heel:
B [ = [ 0.0018 * b * tyey = 0.7128 inch’
Half of temp. rfmt. to be put on each face of the footing = 0.36 inch’
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Design of Footing (Toe):
Disregard passive soil pressure
Load abovT the toe = upward soil pressure - own weight of toe
Required reinforcement Due to Flexure:
Upward soil stress at the face of the wall = 2,574| LB/FT
My | [ 36,923 FT.LB
Toe depth (d,) = Toe thickness - 3 inch (cover) - dy/2 = 2.46 FT
Required section depth (d;) = Sqrt [M,,. / (b*K)] = 14.87 IN OK
A, required steel per foot of wall width = 0.70 inch’
Cracked stress (f.,) = 7.5. Sqrt. (f.) = 410.79 PSI
Cracked Moment (M,,) = f,, * I/y = fer * b*e/121/[t/2] = 74,559 FT.LB
A (cracked section) = Mc,/[fs*j*d]l = 141 inch?
The minimum rfmt. requirement for the cracked section can be waived if the actual rfmt.
is at least one-third greater than thatrequired by analysis,
i.e., the rfmt. Used per foot long of the wall = 0.93 inch?
Preferred rfmt. spacing = 9 IN Use Bar Size # 8
Check of Shear at the critical Section of the Toe:
Allowable stresses in concrete = 0.95*sqrt(f.) = 52.03 PSI
Vice | = [Toe Shear at stem face = 15,139 LB
Rfmt. Com]:retc Shear lStress = 43 PSI < Allowable
Allowal)[le Shear ?trenglh ||s Geater lthan the Actual Shear O.K.
Check of Required Temperature Reinforcement for the Toe
Astemp } & L 0.0018 * b * ty l = 0.7128 inch”
Half of temp. rfmt. to be put on each face of the footing = 0.36 inch’
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Sam Hanna - FCDX

From: wgphilli@srpnet.com
ent: Thursday, March 08, 2001 1:15 PM
‘o: Bobbie Ohler - FCDX; Sam Hanna - FCDX
Cc: Tim Phillips - FCDX
Subject: LACC - 60 Ton Crane - Assembled Loads

Here are the live travelling loads for our heaviest assembled crane.
Disassembled, the crane is heavier than HS20 and needs a permit to travel.
Our heaviest disassembled crane is 45,000# rear and 33,000# front, with
slightly different axle spacings than given here.

As for the outrigger loading, the outriggers are 22" X 22" square. Worst
case would be a maximum of 110 Tons on one outrigger. Say 450 psi on the
22" X 22" outrigger. These loads are normally spread further when we put a
5’ diameter wood pad under the outrigger, but we can’t count on that
happening. You might think about pouring a concrete pad (or something like
that)adjacent to the wall that will spread these loads a bunch. Just a

thought.

Hope this is what you needed... Call if questions.

Bill Phillips
SRP - Transmission Line Design
P.O. Box 52025 Mail Sta. XCT315
Phoenix, AZ 85072-2025
(602) 236-8092 FAX (602) 914-8726

"** Forwarding note from BUBAZARD--PABVMSYS 05/13/96 17:45 ***
To: WGPHILLI--PABVMSYS

FROM: Bryan Bazard, Transportation Services, TSC402, ext. 8353
SUBJECT: 60 Ton Crane - Assembled Loads

Bill, | stand corrected. The Lorain Crane #7245 is heavier. It rides on

four axles. All tires are 14.00-20 size highway tread. The front axles

have two tires per axle (one on each side), the rear axles have four

tires per axle. The axle spacing from the front axle (axle 1) is:

axle 1to axle 2 is 4’4"; axle 2 to axle 3 is 14'1/2"; axle 3 to axle 4

is 4’8". There is 2 ways to travel with the boom installed, either with

the boom facing forwards or rearwards, which changes the loadings. With
the boom facing forwards the front 2 axles share a load of 17,000 Ibs.

or 8,500 Ibs each and the rear axles share 80,000 Ibs or 40,000 Ibs each.
With the boom facing rearwards, the counterweight is between the axles.
With the boom facing rearwards, the front axles share 36,000 Ibs. or
18,000 Ibs each and the rear axles share 61,000 Ibs. or 30,500 Ibs each.
These weights are with the crane in its’ standard condition, 40 feet of
boom, total weight of 97,000 Ibs. If you need more info. give me a call.

*** Forwarding note from WGPHILLI--PABVMSYS 05/13/96 11:17 ***
To: BIBAZARD--PABVMSYS

FROM: Bill Phillips, Power System Design - TLD
Ext. 8092 - XCT315
SUBJECT: 60 Ton Crane - Assembled Loads
Thanks for the efforts on this.
‘)o you think you can have the loading info by Wed. or Thursday??

*** Forwarding note from CJKISSEL--PABVMSYS 05/13/96 10:22 ***

I



To': WGPHILLI--PABVMSYS

FROM: Joe Kissel,Water Engineering,Phone:X-4619(Page No.6668)
Mail Station SSW303
Work Hours: 7:00 AM TO 4:30 PM (Payday Fridays off)
UBJECT: 60 Ton Crane - Assembled Loads
HAVE MEETING WITH ADOT FRIDAY....PLEASE HAVE DATA BY THURSDAY...
THANKS

*** Reply to note of 05/10/96 17:30

To: CJKISSEL--PABVMSYS

cc: REKONDZI--PABVMSYS RELARCHI--PABVMSYS
GMBASTIA--PABVMSYS

FROM: Bill Phillips, Power System Design - TLD
Ext. 8092 - XCT315
SUBJECT: 60 Ton Crane - Assembled Loads

Sorry bout this: Brian Bazard called me about noon today to say that they
only

have the street legal weights, but he is working with the manufacturer to
get the assembled loads. Should have them early next week.

Is this OK for your design schedule ??

Again, my apologies. | meant to get right on this after our ADOT mtg....

*** Forwarding note from WGPHILLI--PABVMSYS 05/09/96 09:14 ***
To: BJBAZARD--PABVMSYS
cc: REKONDZI--PABVMSYS CJKISSEL--PABVMSYS

FROM: Bill Phillips, Power System Design - TLD
Ext. 8092 - XCT315
SUBJECT: 60 Ton Crane - Assembled Loads

.As we just discussed: the water group is designing a flume/bridge for the
Western Canal crossing over the future Price Freeway. We would like the
bridge designed such that we can drive over it with the heaviest equipment
which Power or Water C&M uses, WITHOUT disassembling the equipment. |
think
the 60 Ton Lorrain Crane is the heaviest, WITH counterweight and max boom.
Do you know of anything heavier?

Could you get me the fully assembled loadings? Total weight and weight per
axle. Also vehicle specs such as # of axles, axle spacing, # of tires

per axle and tire sizes so the WUA Engineer can design the bridge. If he
needs any other info, I'll have him get with you later.

Oh, and by the way, could | get this info by tommorrow noon?? If this is
not possible (or reasonable), please just let me know by noon tommorrow.
| sure do appreciate your help on this.



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

Project: Laveen Area Conveyance Channel Page 1
Computed By: SKH Checked By: KVH

Typical Cantilever Retaining Wall
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DESIGN OF CANTILEVER RETAINING WALL
(Walls # 1&2 - Poles # 126&125)
Soil Properties: ‘
Cohesion ( undrained shear strength c) = 0.00| LB/FT
Angle of Internal Friction (Phi) = 30| Degrees
Soil Specific Weight (gamma) = 120 PCF
Soil Specific Weight (gamma) beneath water table = 135 PCF
Allowable Soil Pressure = 3500 PSF
Active Soil Pressure Coeff. (K) = 0.33
Passive Soil Pressure Coeff. (K,) = 3.00
Adhesion (c,) 000 LBFT
Angle of External Friction (delta) = 25.00) Degrees
CoefﬁcientI of friction tan(delta) = 0.47|For sandy soil with silt
Concrete & Steel Properties:
Concrete Specific Weight = 150 PCf
Concrete Compressive Strength (£’) = 3,000 PSI
Steel Yield Strength (f) = 60,000 PSI
Loads:
Vertical Force (E) = 0 LB/FT
Vehicle Impact (F,) 0 LB
Equivalent Height of the Surcharge = 0.00 FT
Surcharge Uniform Force (q) = 0, LB/FT
Truck Axial Load (T)) ’ = 220,000 LB
A flag (1 if Truck load exists, O otherwise) = 1
Truck Concentrated Load is Distributed Over 1.00 FT
Dimensions:
Difference Between Bed and Bank (k) = 6.00 FT
Depth from Bed to the top of footing (k) = 4.00 FT
Height of Stem (h) 10.00 FT
Base Thickness (By) 2.50 FT
Total Height (H) 12.50 FT
Footing Base Width (B,,) 15.00 FT
Height of Wall Above Grade (1) 0.25 FT
Wall Thickness at the Top () 1.00 FT
Wall Thickness at the Bottom (4, 2.50 FT
Key Width (K,,) 1.00 FT
Key Thickness (K) 2.50 FT
Width of the Toe (W,) = 3.50 FT
Width of the Heel (W,,) = 9.00 FT
Distance from Key to the Toe = 0.00 FT
Height of of water table (h,,) = 0.00 FT
Height of the handrail (h,) = 0.00 FT
Distances of Truck Loads from Wall = 1 and 30
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A flag (1 if Passive Pressure is considered, 0 otherwise) 0
A flag (1 if Soil Weight above Toe is considered, 0 otherwise) 0
Sliding Forces ‘ ’ Overturning moments (OTM)
Design Impact Force (I) = 0 LB|[O.T.M. (I) = 0| FT.LBS
Active Earth Pressure () = 3,125 LB||O.T.M. (F,) 13,021/ FT.LBS
Water Pressure (F,) = 0 LB||O.T.M. (F) = 0| FT.LBS
Surcharge (F,) = 0 LB|O.T.M. (F) 0| FT.LBS
Pressure of Truck (F)) = 13,700 LB(|O.T.M. (Fry) = 101,244| FT.LBS
[ N = S [ R D
Sum of Slliding Forces = 16,825 LB||Sum of O]TM = 114,265 FT.LBS
Vertical / Resisting Forces Moments due to Vertical/ResistingForces
W1 (Wall rectangle part) = 1,538 LB| M, = 8,456 FT.LBS
W2 ( Wall triangle part) = 1,153 LB[M, = = 5,189| FT.LBS
W3 (Footing) = 5,625 LB[M, = = 42,188/ FT.LBS
W4 (Key) = 375 LB[M, = = 188/ FT.LBS
W5 (Soil) = 10,800 LB|M; = = 113,400 FT.LBS
W6 (Surcharge) = 0 LB|M, = = 0| FT.LBY
W7 (soil above the toe) = 0 LB[M, = = 0| FT.LBS
Fv (Axial Load)= | 0 LB[M;, = 0| FT.LBS
Water above the heal = 0 LB 0| FT.LBS
Truck Loads (T)) = ‘ 15,529 LB|My, = 163,059 FT.LBS
Passive Pressure (F,) = 0 LB|Maqsive pressure = = 0 FT.LBS
Sum of Vertical Loads (SV) = 35,020 LB|[Sum of Resisting Moments = 332,479 FT.LBS
Factor of Safety Against Overturning
F.S.= |Resisting Moment / Overturning Moment = 291 >20 O.K.
Check of Soil Stresses
Net Moment (NM) = Resistance Moment - O.T.M. = 218,214 FT.LBS
Location of Resultant Force from Point O (X) =NM/SV = 6.23 FT
Eccentricity (E) = B,/2 - X, | = 1.27 FT
Middle 1/3 of the Footing base = Bw/3 = 5.00 FT
Eccentric Moment (EM) = SV * Ec = 44,436/ FT.LBS
Footing Section Modulus (SM) = szlé = 37.50 FT°
Toe Stress () = SV/Bw + EM/SM = 3,520 PSF
Heel Stress (f;) = SV/Bw - EM/SM = 1,150 PSF
0O.K. Eccentricity is Less than Bw/6. No Soil Negative Stress at the Heel
Stop .. Soil Stresses have been exceeded
Stop .. Soil Stresses have been exceeded
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Factor of Safety Against Sliding

The Retaining Wall has a Key and Passive Pressure is ignored

|

* Case 1: Retaining Wall with the Key

Upward Soil Pressure Force at the Toe (Ry) = 11,351 LB
Sum of Vertical forces on the Heel (Hg) = 23,669 LB
Passive force on the ke = 4,500 LB
Sliding Resistance = Ry*tan(phi) + Hg*Friction Coeff. + C,*B,, + Passive Force
l - 22,091] | LB
F.S. Against Sliding = Sliding Resistance / Sliding Forces
= 1.31 €15 Unaccebtable
** Case 2: Retaining Wall without the Key
Sliding Resistance = Sum of vertical loads * Friction Coeff. + C,*B,, + Passive Force
I = 16,330/ | LB
F.S. Against Sliding = Sliding Resistance / Sliding Forces
= 0.97 <1.5 Unaccebtable

RC Design using Working Stress Method

Design of Stem

Required reinforcement Due to Flexure:

Thickness of the Stem at the interface with the footing (t) = 2.50 FT
Assumed section depth (d) = t;, - 2" (cover) - 0.5" (half bar diameter) = 27.50 IN
Moment at the bottom of the stem (M) = 73,591 FT.LB
Allowable concrete strength f, = 0.4 f. = 1200 PSI
Allowable steel strength fs = 24000 PSI
Modular ratio (n) = 9 Coeffiecient k = 0.310
Coeffieient a = 1.79 Coefficientj = 0.897
Coeffieient K = 166.9

Required section depth (d;) = Sqrt [Mgey, / (b*K)] = 21.00 IN| OK
A required per foot of wall width = 1.49 inch?
Preferred rfmt. spacing = 6 IN Use Bar Size # 8

Check of Shear at the critical Section of the Stem:

Allowable stresses in concrete = 0.95*sqrt(f,) = 52.0 PSI f
Vs = Shear at 27.50 inch from the footing surface q
= 14,888 LB |
Stem depth d’ = 1.95 FT d’
Rfmt. Concrete Shear Stress = 53 PSI < Allowable d

Allowable Shear Strength is less than the Actual Shear .. Increase Thickness
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Check of Development Length of the Stem According to ACI 318.12.2.2:
Vertical Bars (Alpha) = ] 1.00 Uncoated (Beta) = 1.00
Normal weight Concrete (Lamda) = 1.00 ]
Development Length (1) = [dyp*fy*alpha*beta*lamda] / [20*sqrt(f.)] inch
= 411 | inch| > B,
Therefore, hooks should be used on the ends of the stem bars
Check of Required Temperature Reinforcement for the Stem:
Aenp= 00018 * b* ty | | | = 0.45 inch®
Two third of temp. rfmt. to be put on the front face of the stem = 0.30 inch’
One third of temp. rfmt. to be put on the back face of the stem = 0.15 inch
Design of Footing (Heel):
Disregard soil pressure under the heel
Uniform load above the heel (w},) = soil load + own weight of heel + surcharge + truck
= 3,300, LB/FT
Required reinforcement Due to Flexure:
Distance from vertical stem rfmt. to the heel edge = W, + cover + d, /2 = 9.21 FT
Mica | [ \ [ = 74,170| FT.LB
Heel depth (d})) = Heel thickness - 2 inch (cover) - dy/2 = 2.29 FT
Required section depth (d;) = Sqrt [M e / (b*K)] = 21.08 IN OK
A, required per foot of wall width = 1.50 inch’
Preferred rfmt. spacing = 6 IN Use Bar Size # 8
Check of Shear at the critical Section of the Heel:
Allowable stresses in concrete = 0.95*sqrt(f,) = = 52.03 PSI
Vieel ‘ = ]Shear at stem face = 12,958 LB
Rfmt. Concrete Shear Stress = 39 PSI < Allowable
Allowable Shear Strength is Geater than the Actual Shear O.K.
Check of Required Temperature Reinforcement for the Heel:
Ay | = | 00018% b* ty, = 0.6480 inch?
Half of temp. rfmt. to be put on each face of the footing = 0.32 inch®
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Design of Footing (Toe):
Disregard passive soil pressure
Load above the toe = upward soil pressure - own weight of toe
Required reinforcement Due to Flexure:
Upward soil stress at the face of the wall = 2,967 LB/FT
Mo | | = 18,132]  FT.LB
Toe depth (d,) = Toe thickness - 3 inch (cover) - d,/2 = 221 FT
Required section depth (d,) = Sqrt [M,. / (b*K)] = 10.42 IN OK
A, required steel per foot of wall width = 0.38 inch’
Cracked stress (f;) = 7.5. Sqrt. (f) = 410.79 PSI
Cracked Moment (M,,) = f,, * I/y = fcr * [b*t3/ 12)/[t/2] = 61,619 FT.LB
A (cracked section) = Mc,/[fs*j*d]‘ = 1.30 inch’
The minimum rfmt. requirement for the cracked section can be waived if the actual rfmt.
is at least one-third greater than thatrequired by analysis,
i.e., the rfmt. Used per foot long of the wall = 0.51 inch’
Preferred rfmt. spacing = 9 IN Use Bar Size # 6
Check of Shear at the critical Section of the Toe:
Allowable stresses in concrete = 0.95*sqrt(f,.) = 52.03 PSI
Ve l = {Toe Shear at stem face = 10,976 LB
Rfmt. Concrete Shear Stress = 35 PSI < Allowable
Allowablle Shear ]Strength T Geater lthan the Actual Shear O.K.
Check of Required Temperature Reinforcement for the Toe
Awemp | = | 00018% b*t, | = 0.6480 inch?
Half of temp. rfmt. to be put on each face of the footing = 0.32 inch®
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566 Pressure on Retaining Walls
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Fig. 22-13. Zones of plastic behavior.

which, comparing to Eq. (22-21), is the reciprocal of K.

If the wall is vertical, the respective o}, points in Fig. 22-12 are origins
of planes. Thus in the active case the slip planes are 45° + (¢/2) with
horizontal, which is identical to the angle obtained from the wedge analy-
sis, Eq. (22-8). In the passive case the angle is 45° — (¢/2), identical to
that obtained in Eq. (22-17).

The Mohr circle representation is important because it shows that soil
in either the active or passive states is on the verge of failure throughout
the sliding wedges, as shown in Fig. 22-13(a). The wedges have a theoreti-
cally infinite number of parallel slip planes. If there is no volume change
such a condition is referred to as an ideal plasiic siate. In contrast to an
idéal elastic state, in a plastic state stress is not proportional to strain, but
is such as to give a constant stress ratio equal to K. The stress ratio cannot
exceed K because the soil would fail first; whereas if the stress ratio is less
than K, the soil is no longer at failure, i.e., is no longer plastic.

22.20. EFFECT OF SURCHARGE LOADS. Retaining walls often are called
upon to support surface loads on soil behind the wall in addition to forces
induced by the weight of the soil itself. Experimental data indicate that
pressures from soil resting against retaining walls are in close accord with
those predicted from plastic theory. This is not true, however, for sur-
charge loads placed on top of the soil behind the wall. One reason may be
that such loads are usually applied later, after the soil has had the oppor-
tunity to regain cohesion and is no longer in a state of incipient shear.

§




22.20. Effect of Surcharge Loads 567

Applied load |P

Point x,y,z

Fig. 22-14. Concentrated load on a surface of backfill at distance x from back of
retaining wall.

Nevertheless plastic analysis is quite simple for surcharge loads ex-
tending from the face of the wall beyond the limit of the sliding wedge, as
shown in Fig. 22-13(b). In this case if the soil behaves plastically the hori-
zontal pressure is gK, where g is the vertical surcharge pressure. Since pres-
sure ¢K is assumed to act upon the full,heightycﬁ,jthe wall, the resultant is

e i i et

P, = gHK | (22-22)

acting at the mid-height O(Lthe wall. This is added to P or P, from the
weight of the soil, Eq. (22-9) or (22-18), whichever applies. As previously
discussed, P or P, act at the one-third height of the wall.

A much closer approximation to the actual stresses is obtained by as-
suming the soil behaves elastically—that is, stress is proportional to strain
and the soil is no longer in plastic failure. Then the magnitude and distri-
bution of lateral pressures against a retaining wall caused by surcharge
loads applied at or near the surface of the backfill may be estimated by
means of formulas which are modifications of the Boussinesq solution for
distribution of stresses in an elastic medium due to a concentrated surface
load. Experimental evidence indicates that the unit pressure on a relatively
rigid concrete retaining wall due to a truck-wheel load applied at the sur-
face of the backfill, as indicated in Fig. 22-14, may be computed by the
formula '

(22-23)




i 568 Pressure on Retaining Walls

{ in which
i h. = horizontal unit pressure at any point on the wall, in pounds
| ' per square foot;
P = applied truck-wheel load, in pounds;
x = horizontal distance from wall to load, in feet;
y = lateral distance from point to load, in feet;
z = vertical distance from point to load, in feet; and
R=+Vx*+y*+ 2%

Equation (22-23) gives a value of A, which is approximately twice the
* pressure indicated by the classical Boussinesq formula, or Eq. (17-4). This
increase in pressure is caused by the fact that a concrete retaining wall is

l Wheel load
‘ L5 ft P=10,450 Ib
0 Surface of backfill
i oy
N -
i \ : \
: \ Boussinesq L
\ s :
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Unit pressure on wall - 100 Ib psf
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Fig.22-15. Measured pressures on retaining wall caused by wheel load on back-
fill surface. Key: m, Spangler (4); 0, Gerber (2).

< v Mo ¢ s o <

o< o



22.2]. Parallel Line or Narrow Strip Load of Finite Length 569

very rigid in comparison with a vertical plane through the soil that would
- be considered if the backfill were continuous and not interrupted by a rigid
wall. If the retaining structure is quite yielding (as yielding as the soil itself
would be if a wall were not present), the pressure on the wall would be
equal to the Boussinesq value or approximately one-half that indicated by
Eq. (22-23). If the wall is of intermediate stiffness, then the pressure will be
somewhere between these two limits. A comparison of experimental data
with these two relationships is shown in Fig. 22-15, which supports use of
the upper limit. : _

Experimental evidence also indicates that it is feasible to integrate Eq.
(22-23) in the x direction and y direction between appropriate limits to
obtain the lateral pressure at a point on a wall caused by a surcharge load
which is uniformly distributed on a narrow strip or over an area on the

backfill surface.

22.21. PARALLEL LINE OR NARROW STRIP LOAD OF FINITE-LENGTH. If
the surcharge load is applied uniformly along a narrow strip or line which
is parallel to the retaining wall and of finite length, as indicated in Fig.
22-16, the expression in Eq. (22-23) may be integrated in the y direction.
The horizontal unit pressure at a point at one end of the load, as in Fig.
22-16(a), may be found as foll6Ws:

Y1 2 i
he = ps f 2 ay - 22-24
-, 0 R = _ ( )
x3z Rin . 2y,
hy = ps ' (22-25)
73R [(R? T T R+ A
in which
hy = horizontal unit pressure on the wall at any depth z opposite

one end of a parallel strip load on the backfill surface;
ps = load per unit length of strip;

x = distance from wall to strip load;
1 = length of strip load;
R, = Vx* + z%and

3 = appreximation for 7.

Maximum pressures on the wall due to a strip load of finite length
will occur at points directly opposite the center of the length. In Fig.
22-16(b), y1 = yi1. To calculate these maximum pressures, let y;, in Eq.
(22-25) equal one-half the length of the strip load, and multiply the result




i
!

i
5
i
i
)
i1
%

Strip load, P
in Ib/in ft
Back face of wall

Point x,0,z

@)

Strip load, P

Point x,0,z

Strip load, P,

Back face of wall

Point x,0,z

(©)

Fig. 22-16. Strip load of finite length parallel to wall. (a) Point at end of load:; (b)
intermediate point; (c) point beyond end of load.

570

—_ ot A A e



22.21. Parallel Line or Narrow Strip Load of Finite Length 571

by 2. Pressure at a point which is not opposite the center of the length may
be calculated in two steps. First, let y, equal the distance from the point to
one end of the load; then let y; equal the distance to the other end. The
results of these calculations should be added together to obtain the pressure
due to the complete strip load.

Similarly, for a point on the wall which lies beyond the end of the
strip load, as in Fig. 22-16(c), imagine that the load is extended to a point
opposite the point in question. Calculate the pressure due to the total strip
load, including the imaginary extension. Next, calculate the pressure due
to that extension alone, and subtract this value from the total-load
pressure.

EXAMPLE 22-1. Itis desired to estimate the horizontal pressure on a
retaining wall at a depth of 3 ft, caused by a strip load of 2000 Ib<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>