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ENGINEER'S ESTIMA1E OF CONSTRUCTION COST
(Based on 95% Design)

Phase 2 8antan Channel Project

Contract: FCD 97-30 & ADOTProjec!' 600-7-502

-

ITEM
DESCRIPTION

UN! APPROX UNIT COST EXTENDED
NO T QTY NUMBERS NUMBERS

105-1 Partnering (SANTAN) LS 1 $ 5,000.00 $ 5,000.00

105-2 Partnering (P-MIP) LS 1 $ 5,000.00 $ 5,000.00

107-1 NPDES/SWPPP Permits (SANTAN) L8 1 $ 3,200.00 $ 3,200.00

107-2 NPDES/SWPPP Permits (P-MIP) LS 1 $ 1,800.00 $ 1...800.00

.-1107-3 Public Information and Notification Allowance (8ANTAN) L8 1 $ 5,000.00 $ .\;i,000.00
107-4 Project Signs Allowance (SANTAN) LS 1 $ 2,500.00 $ 2;3001YO-

107-5 Project Signs Allowance (p-MIP) LS 1 $ 2,500.00 $ 2,500.00
202-1 Mobilization (SANTAN) LS 1 $ 64,000.00 $ 64,000.00

202-2 Mobilization (p-MIP) LS 1 $ 36,000.00 $ 36,000.00

211-1 Channel Fill Construction (SANTAN) CM 11,290 $3·~O $ l-24;t96:60 345"15 ,0
211-2 GRIC Access Road Compaction (SANTAN) 8M 5,568 $ \ .:z.'5~ $ B;926:e<T b~bl) '0

215-1 Channel Excavation (SANTAN) CM 46,507 $ 3'2.~~ $ ~ 1S-1/47
/

215-2 Drainage Excavation (8ANTAN) CM 825 $ ,)·17HS- $ 4;T43:75 2.~ %/.
220-1 Riprap (plain) (SANTAN) CM 151 S II 5" -92-:00 S ~ 11 3(,,5"
300-1 Roadway Detours (SANTAN) L8 1 S 179,908.00 S 179,908.00

300-2 Roadway Detours (p-MIP) LS 1 S 179,908.00 $ 179,908.00
310-1 Aggregate Base Class 2 (O&M Road) (SANTAN) CM 1,231 su~ $ ~ 32/0%'C
336-1 Remove and Replace Pavement (AZ Block Windows) (MAG 336) (p-MIP) LS 1 S 35,000.00 S 35,000.00

350-1 Remove Fencing (SANTAN) LM .:ES" 1,045 s 3.90 S 4,075.50

350-2 Remove and Replace Fencing (p-MIP) \..~'7J 1 $ 8,550.00 $ 8,550.00

350-3 Miscellaneous Removals (SANTAN) LS 1 S 80,000.00 $ 80,000.00

350-4 Miscellaneous Removals (p-MIP) LS 1 S 20,000.00 S 20,000.00

350-5 Install Plug (p-MIP) LS 1 S 800.00 --S JOO.OO
Removal ofPipe (COC/SANTAN)

_.
v~350-6 LM 279 $ ~ S

360-1 PVC Pipe (SDR 35) (76mm) (pipe Sleeve) (p-MIP) LM 182 $~'~ $ ~ 5"i:,2.Jf-
401-1 Traffic Control (SANTAN) LS I S i05,740.95 S 105,740.95

401-2 Traffic Control (P-MIP) LS 1 S 105,740.95 $ 105,740.95
420-1 Chain Link Fence ADOT Type I (1830=) (SANTAN) LM 3,762 S'?A)~ S .l.O9,098.90 l4{,j7f?,
505-1 Structural Concrete (Class A) (SRP/SANTAN) CM 5 $ 325.00 S 1,625.00

505-2 Reinforcing Steel (SRP/SANTAN) KG 25 $ 1.00 $ 25.00

505-3 RCBC 1 (2-3.048m x2.134m, Type 1) (SANTAN) LM 16.5 I ~ SO~5-'H3-- S ..~ ..,n~."-L 32}1,
505-4 RCBC 2 (2-3.048m x2.438m, Type 4) (SANTAN) LM 142.7 J o~. J 567,408.02 '2!lS)J.j.o u

505-5 RCBC 3 (2-3.048m x2.438m, Type 1) (SANTAN) LM 794.3 I~ 5D~25 S 2,407,721.88 '1)51R5~
505-6 RCBC 4 (2-3.048m x 2.438m) (RAILROAD) (SANTAN) LM 10.6 b~ S -4(;,481.00 '2£,,15;00
505-7 RCBC 5 (2-3.048m x2.438m, Type 1) (SANTAN) LM 4.8 lJ I> " c>3-;%-86:4-2 $ ~2 1'£00
505-8 RCBC 6 (3-3.048m x 1.2 19m, Type I) (SANTAN) I LM 11.2 &t>.C>~2 S 39,899.10 33'°<'>
505-9 RCBC 7 (1-3.048m x2.438m, Type 1) (8ANTAN) LM 3 l $1:>60.> 1,974.00" S ~ 3qco

505-10 Headwall (C-16.10) (SANTAN) Ea. 1 S 1,500.00 S 1,500.00

505-11 Headwall (610mm) (Detail D13) (SANTAN) Ea. 1 $ 1,500.00 $ 1,500.00

505-12 Headwall (610mm) (Detail B5) (SANTAN) Ea. 3 S 300.00 S 900.00

505-13 Headwall wlTrashrack (610mm) (Detail B4) (SANTAN) Ea. 3 S 6,000.00 $ 18,000.00
~

505-14 Headwall wlTrashrack (1370mm) (Detail B4) (SANTAN) Ea. 1 S 10,000.00 ..s--- 10,000.00
..J.. ".505-15 Concrete Channel Lining (l52mm) (w/steel) (SANTAN) SM 34,779 ~4~ S ~nn,

/ /.
._ J

505-16 Concrete Spillway (80mm) (wlwire mesh) (SANTAN) LM II $ 30.00 S 330.00

505-17 RCBC Plug (permanent) (SANTAN) Ea. 1 $ 2,500.00 $ 2,500.00

505-18 RCBC Plug (Temporary) (SANTAN) Ea. 1 $ 1,000.00 $ 1,000.00

505-19 P-MIP Pipe Plug (Temporary) (p-MIP) Ea. 2 S 500.00 $ 1,000.00

505-20 Gate Structure (610mm) (Detail B 1&B2) (SANTAN) Ea. 3 S 15,000.00 $ 45,000.00

505-21 Gate Structure (1370mm) (Detail B3) (SANTAN) Ea. 1 S 25,000.00 $ 25,000.00

520-1 Steel Hand Rails (SANTAN) LM 107 S 99.00 $ 10,593.00
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~ r/
525-1 Pneumatically Placed Mortar (SRP/SANTAN) SM 6,400 $v-

nt, $ .-[.9.2,000.00 3-45Ao~

602-1 Steel Casing (762mm) (COC/SANTAN) LM 19 $ v' 850.00 $ 16,150.00

602-2 Bore & Jack Union Pacific Railroad (COC/SANTAN) LM 19 $ 11'750.00 $ 14,250.00
615-1 Vitrified Clay Pipe (376mm) (15") (COC/SANTAN) LM 481 $cf2.·.:>~ .~ V $ 132,275.00 W37g·J
615-2 Vitrified Clay Pipe (600mm) (24") (COC/SANTAN) LM 71 $1-Dl~ $ ,"oJ . •v 1'f-.A/1.7
615-3 Ductile Iron Pipe (406mm) (16") (COC/SANTAN) LM 22 $ \3 D 42-5-:00 $ 9,350.00 286 0

615-4 Connect to Exst Manhole (COC/SANTAN) Ea. 1 $ 1,000.00 $ 1,000.00
618-1 Reinforced Concrete Pipe (610 mm) (Class IV) (SANTAN) LM 621 $12.o~ $ ~r'vv.vv 74-51-'"
618-2 Reinforced Concrete Pipe (760 mm) (Class IV) (SANTAN) LM 21 $(50375:00 $ 7-;lffl:tlo- ~l SU
618-3 Reinforced Concrete Pipe (760 mm) (SRP/SANTAN) LM 92 $15D~ $ 32r,5UlJ.00 L~1?(5'O

618-4 Reinforced Concrete Pipe (910 mm) (Class IV) (SANTAN) LM 26 $2.06~ $ ~tr.OO 5:3Sl
618-5 Reinforced Concrete Pipe (910 mm) (SRP/SANTAN) LM 30 $ 2:Dt. 41e:OO $ 14;t6tr.OO ~lCj'o

618-6 Reinforced Concrete Pipe (1370 mm) (Class V) (SANTAN) LM 338 '$4-3D~ $ 30$;896:0'0 Ilt-S' 31+.:>
618-7 Reinforced Concrete Pipe (1370mm) (P-MIP) LM 1,035 $ 4--3D9G5:e0 $ 936.,675:00 ~)61.J

618-8 Reinforced Concrete Pipe (2130mm) (P-MIP) LM 1,503 $7~ $ -l,848;6W:OO, I) L2.T./A
621-1 Pipe Corrugated Metal (610mm) (SANTAN) LM 22 $ 12..5 ae:oo- $ W6':OO' 27r
621-2 Concrete Pipe Collar (ADOT C-1380) (SANTAN) Ea. 1 $ 200.00 $ 200.00
621-3 Flap Gate Watertight (610mm) (SANTAN) Ea. 1 $ 1,500.00 $ 1,500.00
625-1 Standard Manhole (MAG 522) (SANTAN) Ea. 3 $ 5,000.00 $ 15,000.00
625-2 Irrigation Drop Manhole (Detail D20) Ea. 2 $ 5,500.00 $ 11,000.00
625-3 IPressure Manhole (MAG 521 Modified) (Detail PI) (P-MIP) Ea. 4 $ 5,500.00 $ 22,000.00
625-4 Non-Pressure Manhole (MAG 521 Modified) (Detail P2) (P-MIP) Ea. 1 $ 8,550.00 $ 8,550.00
625-5 Manhole,Sanitary Sewer,(MAG 420) (COC/SANTAN) Ea. 7 $ 5,000.00 $ 35,000.00
625-6 Reshape Manhole Floor (COC/SANTAN) Ea. I $ 1,500.00 $ 1,500.00
630-1 Siphon Clean-Out (Detail P6) (P-MIP) Ea. 2 $ 1,200.00 $ 2,400.00

Subtotal $ 10,~~ A ~
.\

10% Contingency $ • J OJ 5,Ollo.24 ~"2?',,'I.

Total $ ......,-rv-',oo...b)
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Sheet U-1.3 -
1. See sheet U-1.1 comments.
2. Show the location of the new relocated gas lines in the profile.
3. Show the channel in the profile.
*4. The slopes and distances in the sewer line profiles should be provided between each manhole.

Cross Section Sheets -
1. At Sta. 0+840; show the invert access ramp.
2. Beginning at Sta. 1+080; add the PMIP pipes to all sections as required.
3. Use these cross sections as a means of identifying the slopes to be used to match existing grade.

*.**********************************************************************************************************************

ENGINEER'S ESTIMATE AND QUANTITIES -

1. The estimate must be evaluated to include impacts to costs due to such construction challenges as
relocating and maintaining the Pecos Drain and north/south laterals during construction, UPRR down
time, detour and traffic control on 56th Street and 1-10, limited access along the north side of the
Pecos Road alignment, etc. It is the expectation of the FCDMC to have the estimate within 10% of
the low bid amount received at bid opening.

*2. Cost share "splits" between the SEVRDS and the P-MIP components must be determined for­
-- The Partnering Conferences
-- Traffic control on 1-10 and 56th Street
-- Placement (excavation, installation and backfill) of the culvert and pipeline through the common
alignment across 1-10 right-of-way.

*3. Complete quantity calculations supporting all bid quantities must be provided prior to the 90%
submittal.

*4. The bid schedule and Engineer's Estimate must follow exactly the bid item names and numbers used
in the SGC's and the SP's. See revisions and additions to the SGC's and SP's which affect the listing
in the bid schedule.

*5. The review of the 60% Engineer's Estimate will be doe at a later date and possibly before the
scheduled review meeting on October 24.

ADDITIONAL REVIEW COMMENTS; 10/24/97 ==»

~ditionalcost share items will include the "Project Signs", mobilization, and NPDES.

~eed to determine how to share the excavation and backfill costs for the 1-10 crossing.

~ased on the "Independent Costs" breakdown, it would appear that the traffic control would be split
50/50. Based on a percentage basis of the independent costs, a split of about 36/64 PMIP/SEVRDS.

~ units will remain in metric, but descriptions will be in English.

~ cost revisions should include: Partnering =$10,000, Mobilization =$100,000, Project Signs =
$5,000,.

1 detailed breakdown of the Traffic Control costs must be provided.

~Uld make the roadway restoration for both detours incidental to the Traffic Control Detour bid
items. This can be done by providing sufficient detail and plans for the detours and reconstruction
work.

SEVRDS PHASE 2 - 60% REVIEW PAGE II OF II



... '.
~it costs appear to be low in metric units versus English units for: Concrete at $265/CM, Concrete

Channel Lining at $30/SM, Shotcrete at $20/SM.

~he 215-1 Channel Excavation quantity appears to be very low.

~ Special Provisions for structure excavation and backfill for the box culvert should be based on the
excavation and backfill as incidental to the culvert construction bid item (505), with the bid basis as
L.M. There will be no structure excavation or backfill bid item, and this should also be explained in
Section 505 as a component of the bid item cost.

~e Special Provisions for Channel Excavation (215) should be a separate bid item in C.M. for all
excavation from existing grade to the outside (bottom, earth side) of the concrete lining prism. This
should be clearly described in the Special Provisions.

~many "common items" as possible that can be identified and bid separately for the SEVRDS and
the PMIP should be so bid. In particular this would apply to 336, 350, and 420 bid items.

~ bid ite~ is required for pavement replacement on Pecos Road for the SEVRDS.

~Engineer's Estimate must calculate the extend amounts to the nearest penny, and not rounded to
the nearest whole dollar.

~ere are many bid items for which quantities and/or unit costs have not been provided. This must be
corrected in the next submittal.

SEVRDS PHASE 2 - 60% REVIEW PAGE 12 OF 11
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1999 Mobilization 22

2010 Excavate Outlet Channel & Box Culverts ..43

2110 Install Box Culverts East of 1-10 (CIP) 307

2020 Construct Outlet Channel Sta 0+16 To 0+860 168

I
2030 Construct Outlet Channel Sta 0+860 To 1+062 39

I 1"-3020 Install Broadacres Irrigation Pipeline 5

3000 Install 2130mm & 1370mm Irrigation Pipes 62

I
I

2040 Construct Outlet Channel Sta 2+035 To 2+822 125

I2070 Construct Transition Structures (2) West of 1-10 22

I
I I I I ...,.

4000 Construct EB 1-10 Detour & WB Lane Shift 22

2060 Install Box Culverts West of 1-10 (CIP) 10

I I I I 1-:-2000 Construct Outfall Structure 22

I3010 Install 2130mm & 1370mm Irr. Pipes Under EB 1-10 5 ,
2080 Install Box Culverts Under EB 1-10 (CIP) 49

2120 Construct Box Culvert Under UPRR (Precast) 10

I

-4010 Install Replacement EB 1-10 Paving 5 I •
4020 Remove EB 1-10 Detour & WB Lane Shift 5

I •I
3040 Install 2130mm & 1370mm Irr. Pipes Under UPRR 10 I -3200 Install New Chandler Sewer. Incl. Bore & Jack 32

4030 Construct WB 1-10 Detour & EB Lane Shift 22

3050 Install 2130mm & 1370mm Irr. Pipes Under WB 5

2090 Install Box Culverts Under WB 1-10 (CIP) 31

3210 Remove Existing Chandler Sewer 10 ! I I I I •
4070 Construct 56th Street Detour 10

I • I
2100 Install Box Culverts Under 56th St (CIP) 17 T·4040 Install Replacement WB 1-10 Paving 5

3060 Install 2130mm & 1370mm Irr. Pipes Under 56th St 5

I
I •

3310 Install SRP Pecos Drain Under 56th St 5 I

I
•

4050 Remove WB 1-10 Detour & EB Lane Shift 5

I I •
4080 Remove 56th Street Detour 5 •
4060 Restore 1-10 EB & WB to Original Condition 5

2130 Construct Transition Structures (2) East of 1-10 22

3100 Install Basin Piping & Headwalls 55

3130 Construct Gate Structures 44

3300 Install SRP Pecos Drain 44

Start date 02FEB98
I_EarlY bar

Finish date 3OAUG99
Data date 02FEB98 HDR Engineering _ Progress bar
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1000 IComplete 100% Plans

1010 IAdvertise for Bids

1020 I Bid Award

1030 INotice to Proceed
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Don Rerick - FCDX

From:
Sent:
To:
Subject:

Don Rerick - FCDX
Wednesday, February 11, 19988:53 AM
Don Rerick - FCDX
RE: SEVRDS Phase 2 - Proposed Construction Schedule

From FBF on 2/11/98 - Shewa reviewed and felt it was a very reasonable schedule for 15 months, not to fat and not to
tight.

-----Original Message-----
From: Don Rerick - FCDX
Sent: Saturday, February 07,19989:12 AM
To: Fred Fuller - FCDX
Cc: Don Rerick - FCDX
Subject: SEVRDS Phase 2 - Proposed Construction Schedule

Have you had a chance to review and comment on the proposed schedule as prepared by the ADOT consultant.

Need your comments by 2.13.

Thanks.

1
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ENGINEER'S ESTIMA1E OF CONSJRUCTION COST
Phase 2 Santan Channel Project

Contract: FCD 97-30 & AOOTProjecl: 600-7-502

ITEM
DESCRIPTION UNIT

APPROX UNIT COST EXTENDED
NO QTY NUMBERS NUMBERS

105-1 Partnering LS I $ 10,000.00 $ 10,000.00
107-1 NPDES/SWPPP Permits LS 1 $ 5,000.00 $ 5,000.00
107-2 Public Information and Notification Allowance LS 1 $ 5,000.00 $ 5,000.00
107-3 Project Signs Allowance LS 1 $ 5,000.00 $ 5,000.00
202-1 Mobilization LS 1 $ 100,000.00 $ 100,000.00
211-1 Channel Fill Construction (SANTAN) CM 11,567 $ 15.00 $ 173,505.00
215-1 Drainage Excavation (SANTAN) CM 44,275 $ 4.50 $ 199,237.50
220-1 Plain Riprap - Gradation No. I (SANTAN) CM 151 $ 92.00 $ 13,892.00
220-2 Plain Riprap - Gradation No.2 (SANTAN) CM 12 $ 84.00 $ 1,008.00
301-1 GRIC Access Road Compaction (SANTAN) SM 5,568 $ 2.50 $ 13,920.00
310-1 Aggregate Base, Class 2 (O&M Road) (SANTAN) CM 1,231 $ 24.00 $ 29,544.00
336-1 Remove and Replace Pavement (P-MlP) LS 1 $ 16,000.00 $ 16,000.00
350-1 Remove Fencing (SANTAN) LM 1,045 $ 3.90 $ 4,075.50
350-2 Removals and Replacements (P-MIP) LS 1 $ 12,550.00 $ 12,550.00
350-3 Removal of Pipe (COC/SANTAN) LM 279 $ 25.00 $ 6,975.00
350-4 Miscellaneous Removals LS I $ 80,000.00 $ 80,000.00
401-1 56th Street Traffic Control LS 1 $ 41,669.90 $ 41,669.90
401-2 1-10 Traffic Control LS I $ 296,069.20 $ 296,069.20
401-3 56th Street Detour LS I $ 43,912.00 $ 43,912.00
401-4 1-10 Detour LS I $ 318,504.00 $ 318,504.00
420-1 Chain Link Fence ADOT Type I (I 830mrn) (SANTAN) LM 3,762 $ 29.00 $ 109,098.00
505-1 Class "A" Concrete (SANTAN) CM 278 $ 215.00 $ 59,770.00
505-2 RCBC I (2-3.048m x 2.134m, Type I) (SANTAN) LM 15.9 $ 2,316.38 $ 36,830.44
505-3 RCBC 2 (2-3.048m x 2.438m, Type IV) (1-10 CROSSING) (SANTAN) LM 145.7 $ 2,724.81 $ 397,004.82
505-4 RCBC 3 (2-3.048m x 2.438m, Type I) (SANTAN) LM 797.1 $ 2,091.88 $ 1,667,437.55
505-5 RCBC4 (2-3.048m x2.438m) (Detail D 14) (AT RAILROAD) (SANTAN) LM 10.6 $ 3,294.25 $ 34,919.05
505-6 RCBC 5 (2-3.048m x2.438m, Type I) (SANTAN) LM 4.8 $ 2,266.93 $ 10,881.26
505-7 RCBC 6 (3-3.048m x 1.219m, Type I) (SANTAN) LM 11.2 $ 2,494.66 $ 27,940.19
505-8 RCBC 7 (I-3.048m x 2.438m, Type I) (SANTAN) LM 3 $ 1,358.00 $ 4,074.00
505-9 Head Wall (610mm CMP) (Detail D13) (SANTAN) Ea. I $ 1,500.00 $ 1,500.00

505-10 Head Wall w/Rip Rap (610mm) (Detail B5) (SANTAN) Ea. 3 $ 3,000.00 $ 9,000.00
505-11 Head Wall wlTrashrack (610mrn) (Detail B4) (SANTAN) Ea. 2 $ 6,000.00 $ 12,000.00
505-12 Head Wall wlTrashrack (I 370mrn) (Detail B4) (SANTAN) Ea. I $ 10,000.00 $ 10,000.00
505-13 Concrete Spillway (80mrn) (w/wire mesh) (SANTAN) LM 11 $ 30.00 $ 330.00
505-14 Gate Structure 101 (Detail BI) (SANTAN) Ea. I $ 1,500.00 $ 1,500.00
505-15 Gate Structure 102,103 (Detail B2) (SANTAN) Ea. 2 $ 1,525.00 $ 3,050.00
505-16 Gate Structure 104 (Detail B3) (SANTAN) Ea. I $ 6,540.00 $ 6,540.00
505-17 Manhole 100,101,102 (SANTAN) Ea. 3 $ 1,500.00 $ 4,500.00
505-18 Concrete Channel Lining (Detail D7 or D22) (SANTAN) SM 34,729 $ 35.00 $ 1,215,515.00
505-19 RCBC 7 Permanent Plug (SANTAN) Ea. I $ 30.00 $ 30.00
505-20 RCBC 6 Temporary Plug (SANTAN) Ea. I $ 2,500.00 $ 2,500.00
520-1 Steel Handrail (SANTAN) LM 107 $ 99.00 $ 10,593.00
602-1 Steel Casing (762mrn) (COC/SANTAN) LS I $ 30,400.00 $ 30,400.00
610-1 Gate Valves and Water Line (COC/SANTAN) LS I $ 3,000.00 $ 3,000.00
615-1 Vitrified Clay Pipe (381mm) (15") (COC/SANTAN) LM 481 $ 275.00 $ 132,275.00
615-2 Vitrified Clay Pipe (610mm) (24") (COC/SANTAN) LM 71 $ 430.00 $ 30,530.00
615-3 Ductile Iron Pipe (406mrn) (16") (COC/SANTAN) LM 22 $ 425.00 $ 9,350.00
615-4 Connect to Exist Manhole (COC/SANTAN) Ea. I $ 1,000.00 $ 1,000.00
615-5 Plug (MAG Detail 427) (COC/SANTAN) Ea. I $ 500.00 $ 500.00
618-1 Reinforced Concrete Pipe (610 mm) (Class IV) (SANTAN) LM 119 $ 150.00 $ 17,850.00
618-2 Reinforced Concrete Pipe (760 mm) (Class IV) (SANTAN) LM 21 $ 220.00 $ 4,620.00
618-3 Reinforced Concrete Pipe (910 mm) (Class II) (SANTAN) LM 20 $ 260.00 $ 5,200.00
618-4 Reinforced Concrete Pipe (910 mm) (Class ill) (SANTAN) LM 6 $ 280.00 $ 1,680.00
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618-5 Reinforced Concrete Pipe (610 mm) (Class V) (SANTAN) LM 502 $ 160.00 $ 80,320.00
618-6 Reinforced Concrete Pipe (1370 mm) (Class V) (SANTAN) LM 231 $ 600.00 $ 138,600.00
618-7 Reinforced Concrete Pipe (1370mm) (P-MIP) LM 908 $ 705.00 $ 640,069.50
618-8 Reinforced Concrete Pipe (2130mm) (P-MIP) LM 915 $ 1,085.00 $ 992,449.50

618-9 Reinforced Concrete Pipe (l370mm) (INTERSTATE 10) (P-MIP) LM 126.3 $ 1,395.00 $ 176,188.50

618-10 Reinforced Concrete Pipe (2130mm) (INTERSTATE 10) (P-MIP) LM 126.3 $ 1,725.00 $ 217,867.50

618-11 PVC Pipe (76mm) (P-MIP) LM 182 $ 15.00 $ 2,730.00

618-12 P-MIP Permanent Plug Ea. 2 $ 800.00 $ 1,600.00
618-13 P-MIP Temporary Plug Ea. 2 $ 500.00 $ 1,000.00
618-14 Siphon Clean-Out (Detail P5) (P-MIP) Ea. 2 $ 1,200.00 $ 2,400.00
618-15 SRP Irrigation Facilities LS 1 $ 276,968.00 $ 276,968.00
621-1 Pipe Corrugated Metal (610mm) (SANTAN) LS 1 $ 2,206.00 $ 2,206.00
625-1 Irrigation Drop Manhole (Detail D20) (SANTAN) Ea. 2 $ 5,500.00 $ 11,000.00
625-2 Pressure Manhole (MAG 521 Modified) (Detail PI) (P-MIP) Ea. 7 $ 5,500.00 $ 38,500.00
625-3 Manhole,Sanitary Sewer (MAG 420) (COCISANTAN) Ea. 7 $ 5,000.00 $ 35,000.00
625-4 Reshape Manhole Floor (COC/SANTAN) Ea. 1 $ 1,500.00 $ 1,500.00

Project Total $ 7,855,679.41
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Wood, Patel and Associates

Page 1 of3

Santan Outfall Channel
Summary of Quantities

Summary of Quantities
2/18/98; 1:31 PM

CHANNEL FILL CONSTRUCTION CM 11567

Santan Drainage Channel (w/10% Compaction Ratio) 11567 V--

GRIC ACCESS ROAD COMPACTION SM 5568~

Along 1-10 5568~

CHANNEL EXCAVATION CM 43450

VSantan Drainage Channel (Inroads) 38342
Santan Drainage Channel (Concrete Thickness) 5108~

DRAINAGE EXCAVATION CM 825~

Rip-Rap 151 ..--
Gila Floodway 42 ----AB Roadway (in cut sections) 632~

RIPRAP (DUMPED) CM 151~

/Gila Floodway Outfall 151

.../'AGGREGATE BASE, CLASS 2 (O&M ROAD) !CM 1231

I/'1-10 west side of channel 574
56th St east (north side of channel) 417 v/
56th St east (south side of channel) 240 -""..{!

CHAIN LINK FENCE, TYPE 1 (1.8m) LM 3762 V-

./1-10 Section 1649
56th St to Gila Drain 2113 v/'

CONCRETE CHANNEL LINING (152MM) (W/STEEL) SM 34729

RCBC 1 to Sta 0+860 16503~

Sta 0+861 to RCBC 2 3977
~ ..

RCBC 4 to RCBC 5 12622

Transition Sta 0+016.5+- 265
Transition Sta 1+042.181 +- 321
Transition Sta 2+014.728+- 230
Transition Sta 2+802.108+- 306
Ramp Sta 0+071 128
Ramp Sta 0+860 138
Ramp Sta 2+065 121
Ramp Sta 2+786 121
610mm Headwall -3

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



CONCRETE SPILLWAY (SOMM) (WIWIRE MESH) LM 11

Spillway from 1-10 4
Spillway from 1-10 7

RCBC PLUG (PERMANENT) EA 1

2-10'x8' 1

RCBC PLUG (TEMPORARY) EA 1

4-4'x10'RCBC 1

METAL HANDRAIL LM 107

Station 0+000 19
Station 0+016.5 I 27
Station 1+062.261 I 21
Station 2+014.728 20
Station 2+802.108 ! 20

i

PIPE CORRUGATED METAL 610mm (STORM DRAIN) lLM 2
i

610 mm pipe station 0+485 ! 2

i
CONCRETE PIPE COLLAR (C-13.80) lEA 1

!

610 mm pipe i 1I

i
FLAP GATE WATERTIGHT (610 mm) lEA 1

i I
610 mm pipe outlet 1

I
REMOVE EXISTING FENCE (1-10 SECTION) ILM 1045

Remove Fence 1045

I
HEADWALL (cj) STA 0+485 EA 1

Headwall 1

EXCESS EXCAVATION CM 48637

RCBC1 212
RCBC2 2442

RCBC3 11627
RCBC4
RCBC5 21
RCBC6 250

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I Summary of Quantities

2/18/98; 1:31 PM

Santan Outfall Channel Wood, Patel and Associates

Summary of Quantities

Page 2 of3



RCSC7 21
Misc. Drainage Excavation 825
Channel Excavation 43450
Channel Fill Construction -11567
AS Roadway 1206
Rip-Rap 150

I
I
I
I
I
I
'I
I
I
I
I
I
I
I
I
I
I
I
I summary of Quantities

2/18/98; 1:31 PM

Santan Outfall Channel
Summary of Quantities

Page 3 of3

Wood, Patel and Associates



Quantity Unit Price Amount

Summary of Quantities; RCBC Summary
2/18/98; 1:34 PM

Headwall, RCBC, Hdwl Ext.

RCBC, Hdwl Ext.

RCBC, Hdwl Ext.

RCBC

, f

$189.00

$798.00

$0.00

$0.00

$702.00

$0.00

$7,587.20
$2,625.00

$7,095.00
$2,284.00

$2,664.00

$25,155.00

$66,380.00

$26,316.00
$28,350.00 I

$267,890.00

$132,468.00
$119,412.00

$346,257.60
$1,063,390.00

$0.80
$7.00

$7.00,

$4.50

$4.50

$0.80

$0.80

$0.80

$4.50

$7.00

$7.00

$4.50

$0.80

$4.50

$7.00

Page 1 of2

$18.00

$18.00,

$18.00

$18.00

$18.00

$215.00

$215.00

$215.001

$215.00

$215.00

RCBC Summary

o

33

39

42

375

117

148

114

o

9484

1246

2855

4050
1462

82975

16.5 .....--

142.739 .~

$2,316.38 t/

KG

KG

Unit

CM

794.276 [/"

KG

$2,724.811........

CM
CM
CM

CM

$2,091.881£./

CM

CM

CM

CM

CM

KG

KG 432822

CM

CM

CM 18924
CM 6634

CM

CM 0

CM 4946

CM

CM

CM

Structural Concrete

Drainage Excavation

Structural Excavation
Structural Backfill

Culvert Item

Drainage Excavation

Length of RCBC

Reinforeing Steel

Cost Per Linear Meter

Structural Concrete

Length of RCBC

Structural Concrete

Structural Excavation

RCBC 1 (2·10'x7')

Cost Per Linear Meter

Structural Backfill

Reinforeing Steel

Structural Excavation

Structural Backfill
Drainage Excavation

RCBC 3 (2-10'xS')

Structural Concrete

Drainage Excavation
Structural Backfill

Cost Per Linear Meter

Reinforeing Steel

Length of RCBC

Structural Excavation

RCBC 2 (2·10'xS')(Type 4)

Drainage Excavation

Structural Excavation
Structural Backfill

Structural Concrete
Reinforeing Steel

RCBC 5 (2-10'xS')

Reinforeing Steel

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Length of RCBC 4.799~

Cost Per Linear Meter $2,266.93I~

RCBC 6 (3·10'x4')

Structural Concrete CM 88 $215.00 $18.920.00 RCBC, Hclwl Ext.
Reinforeing Steel KG 7791 $0.80 $6.232.80
Structural Excavation CM 222 $7.00 $1,554.00
Structural Backfill CM 37 $18.00 $666.00
Drainage Excavation CM 0 $4.50 $0.00

Length of RCBC 11.15~
.-----

Cost Per Linear Meter $2,454.96 V

RCBC 7 (1·10'xS')

Structural Concrete CM 13 $215.00 $2.795.00 RCBC, Hdwl Ext.
Reinforeing Steel KG 1000 $0.80 $800.00
Structural Excavation CM 35 $7.00 $245.00
Structural Backfill CM 13 $18.00 $234.00
Drainage Excavation CM 0 $4.50 $0.00

Length of RCBC 3~

..,..---
Cost Per Linear Meter $1,358.00 V

610 mm Headwall I

I I
i

Structural Concrete \CM 2.2 $215.00 $473.00 RCBC, Hdwl Ext.
Reinforeing Steel KG 110 $0.80 $88.001
Structural Excavation CM 6 $7.00 $42.00
Structural Backfill CM 3 $18.00 $54.00
Drainage Excavation CM 0 $4.50 $0.00

# of Headwalls 1

Cost Per Headwall $657.00

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I Summary of Quantities; RCBC Summary

2/18/98; 1:34 PM

RCBC Summary

Page 2 of2



BASELINE STATION STATION
STATION CUT FILL
NUMBER VOLUME VOLUME

0+000 0 0
0+030 518 0

Beain TraD Channel
0+036.5 360 132
0+090 377 383
0+120 335 420
0+150 301 425
0+180 267 452
0+210 272 475
0+240 308 484
0+270 334 529
0+300 339 574
0+330 346 588
0+360 344 616
0+390 377 601
0+420 3951 585
0+450 377 594
0+480 370 574
0+510 371 553
0+540 388 530
0+570 465 432
0+600 6841 209
0+630 734 148
0+660 640 224
0+690 I 656 194
0+720 691 163
0+750 742 128
0+780 796 85
0+810 834 55
0+840 880 39
0+870 914 33
0+900 981 19
0+930 1100 3
0+960 1215 0
0+990 1376 0
1+020 1565 0
1+042.181 1235 5

/ VEnd TraD Channel 21369 1.Q1§1.

1+050 1671 7
1+080 1308 7

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I earthwork 11-18

2/17/98; 6:39 PM

Santan Outfall Channel
Channel Earthwork

Page 1 of 3

Wood, Patel Associates



BASELINE STATION STATION
STATION CUT FILL
NUMBER VOLUME VOLUME
1+110 1124 0
1+140 1672 0
1+170 1960 0
1+200 1645 0
1+230 1195 0
1+260 1031 0
1+290 1037 0
1+320 1013 0
1+350 1023 0
1+380 1019 0
1+410 1009 0
1+440 1000 0
1+470 995 0
1+500 994 0
1+530 978 0
1+560 970 0
1+590 964 0
1+620 948 0
1+650 940 0
1+680 931 0
1+710 919 0
1+740 906 0
1+770 895 0
1+800 897 0
1+830 879 0
1+860 839 0
1+890· 821 0
1+920 8211 0
1+950 813 0
1+980 717 0
2+010 694 0

Beain TraD Channel
2+034.768 0 0
2+035 6 0
2+065 708 0
2+095 689 0
2+125 651 0
2+155 606 5
2+185 586 12
2+215 566 19
2+245 562 19

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I earthwork 11-18

2/17/98; 6:39 PM

Santan Outfall Channel
Channel Earthwork

Page 2 of3

Wood, Patel Associates



BASELINE STATION STATION
STATION CUT FILL
NUMBER VOLUME VOLUME
2+275 566 15
2+305 559 23
2+335 548 35
2+365 548 37
2+395 550 34
2+425 558 31
2+455 573 20
2+485 597 10
2+515 663 3
2+545 728 0
2+575 776 - 0
2+605 802 0
2+635 793 0
2+665 777 0
2+695 773 0
2+725 769 0
2+755 765 0
2+785 783 0
2+802.422 471 0

~
/'End Trao Channel 16973 v 263

2+815 810 0
2+830 210 0 _.--

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I earthwork 11-18

2/17/98; 6:39 PM

Santan Outfall Channel
Channel Earthwork

Page 3 of3
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I
Santan • Structural Excavation and Backfill auantities WOOdIPatBi and Assccisres

Measurements per ADOT Std. Det. B·19.50

Wall Top Slab Bot. Slab Cone. Steel Depth of cover Depth of Outside Outside 0.75"C Cone. Cone. Steel Steel Structural Structural Structural Structural .Excess Excess
Beginning Ending Beginning Ending Span Height RCBC Fill Thickness Thickness Thickness # of Quantity Quantity at begin cover at end Box Width Box Height Length Dim Dim C (Side Quantity Quantity Quantity Quantity Ex. Ex. Quantity Backfill Backfill RCBe RCBC

ACBC # Station (m) Station (m) Station (ft) Station (ft) (ft) (ft) Table No. (in) (in) (in) Barrels (C.Y.lLF. (Lbs.lL.F.) station (ft) station (ft) (ft) (ft) (ft) A (ft) (ft) Siooe) (C.Y.) (C.M.) (Lbs.) (Kq) Quantity (C.M.) Quantity Quantity (C.M.) Excavation Excavation
1
t 10+000.0000+016.500 00+00 00+54 10.0 7.0 1 11.0 10.5".1'2;5 2 2.372 355.9 2 0 22;75 .... ·8;92 52;124.42·8;92 &;69124":94'18542"""841.1 ...... ,.. ,, ,424: '.324 ",.. t421'IT:::J'U;;',':':"109 .... 267"'''", ..'',204

I~
6 2+822.742 2+833.892 92+61 92+98 10.0 4.0 1 11.0 10.5'12;5 3 2.987 446.4 4 0' .' '33;67·' ·' 5,92 "''''36;5 '35;33'" 5;92 '·· ..4;44:' "., ..109 .. """",,"83 " 46294 ':::"".7391. '''''''''',':,:::::,:291 ·..·..·", · ' 222: ·"' ·',,,..,, ,',..48::· "'.37 ':"""""'238 ::', , '''''''''U,182

A 7 0+000.000 0+003.000 00+00 00+10 10.0 8.0 1 13.0 . 10.0 "12;0 1 1.423 188.1 5 5.5 I> ."12;17I...' 9;831.·.......:9;813;83 '" 9;83:· ." 7;38 .: .. ·1'4 ..' .... ,'41' t' "1851' """',840 ,·,.. ·"' ..,'......U.52 ..,,,. """\':'.:40 ':.: ·· ..,' ..' ,"'::32 "::,,,:' .... , "'.:25" '.,.,.,' '1'6 :H':':' ",,'....:':.:...;;:'1:3

I
I
I
I
I

Backfill Sideslopes= 0.75:1 per AGRA Soils Report

Dim A = "Box bottom width + wall thicknesses + 8' (RCBC bottom ears) + 12' (6' ex line on each side of ACBC)
Dim B= • Not used yet
Dim C= "Distance from top outside to bottom outside of ACBC)
Bottom Slab Thickness = Top Slab Thickness = 2' (Except single RCBC)

I
I
I
I
I
I
I
I
I

Q:ISanean-P2Iseruceural x &b.xls
11/26/97; 9:47 AM
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IJOb 00173-097-044

Icompute BKV

IChecked

1.000 kN

1334 kN/m at top of wall

3.244 kN/m at base of wall
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IFile Detail 04

Computation

Iproject Santan Outfall Channel

ISubject Headwall- Detail 04

ITaSk Retaining Wall Design

GEOMETERY:
Wall Height
Wall Thickness (top)
Wall Thickness (bottom)

Wall Cover

d

Toe Length
Toe Thickness
Toe Cover
Soil Height on toe

Heel Length
Heel Thickness
Heel Cover

Total Footing Length
Total Wall Height

Barrier Width
Barrier Height

LOADING:
Surcharge
Eq. soil height

Barrier Weight
Barrier Impact Load
Barrier Impact Load Adjusted for Wall Height

MA TERIAL PROPERTIES:
fy
Es
fc
Unit weight of concrete
Ec

fc
fs

n
Unit weight of soil
Allowable soil bearing pressure
Horizontial earthquake acceleration (kh)
Vertical earthquake acceleration (kv)

f
b
a
g
Coefficient of Sliding Friction (1-1)

sin%(b+f)

2052 mm
254 mm
254 mm

50 mm
204 mm

omm
254 mm

75 mm
omm

1000 mm
254 mm

50 mm

1254 mm
2306 mm

25 mm
1000 mm

12.360 kN

600.000 mm

wc"1.5 0.0428"fc =

ISheet 1

barrier

toe

400.000 MPa

2.00E+08 kPa

20.000 MPa

24.000 kN/mA3

2.25E+07 kPa

10 MPa

165 MPa

8.885
20.600 kN/mA 3

120.000 kPa

0.040 9
0.027 9
23.20 •
90.00 •

0.00 •
35.00 •

0.50

heel

INo.

IDate

IDate

2/23/98

6

I
I

Ka =

Kae = Ka + 3/4 kh

Equilvalent Fluid Pressure

sln(f+g) • sin(f-a) ~Y;'J

sin(b-g) • Sin(a+bU

=

=

0.384

0.414

7.906 kPa per meter



Detail 04I 'File

I Computation

Iproject Santan Outfall Channel

I ISubj ect Headwall-Detail 04

. ITask Overturning and Shear· Case 1

\Job No.

lcomputed BKV

IChecked

ISheet 2

IDate 2/23/98

IDate

IOf 6

I OVERTURNING:

Overtuming Moment (Mo) per meter of wall:

I
Lever

Force Arm Moment
Cause (kN) (m) (kNom)

Soil 21.020 0.769 16.157

I Surcharge 10.938 1.153 12.612
Barrier Impact 3.244 3.306 10.724

Total 35.202 Mo= 39.493

I Righting Moment: (Mr) per meter of wall
Lever

Force Arm Moment

I Cause (kN) (m) (kNom)

Footing 7.644 0.627 4.793
Wall Taper 0.000 0.000 0.000

I Wall 12.509 0.127 1.589
Barrier 1.000 0.242 0.242
Surcharge 12.360 0.754 9.319

I
Soil 42.271 0.754 31.872

Total Rv = 75.785 Mr= 47.815

I' Factor of Safety against Overtuming:

Load Factored
Factor Force Moment

(kN) (kNom)

1.69 35.523 27.305
2.17 23.747 27.380
2.17 7.042 23.281

66.312 n.967

Load Factored
Factor Force Force

(kN) (kNom)

1.69 12.919 8.100
1.69 0.000 0.000
1.69 21.140 2.685
1.69 1.690 0.408
2.17 26.834 20.233
1.69 71.438 53.864

134.021 85.290

Mr/Mo 1.21 <2.0 NO GOOD

I
I
I

I
I
I
I

SLIDING:

Forces Causing Sliding: 0/s)

Forces Resisting Sliding: 01r)

Factor of Safety against Sliding:

Cause

Soil
Surcharge

Total per meter of wall

Cause

Footing
Wall Taper
Wall
Surcharge
Soil

Total per meter of wall

Force
(kN)

21.020
10.938

31.958

Force
(kN)

7.644
0.000

12.509
12.360
42.271

74.785

lJ.Vr/Vs= 1.17 < 1.5 KEY REQUIRED



I
\Subj ect Headwall- Detail 04

\Task Soil Pressures

I
I

I

Detail 04

Computation

\project Santan Outfall Channel

FOOTING SOIL PRESSURES:

Resultant Vertical Foree (Rv)

IJob No.

76 kN

ICompute

IChecked

ISheet

BKV

3

INo.

Inate 2/23/98

lnate

IOf 6

Location of Resultant Foree from the toe of the footing (O'llTf - Mo) I Rv =

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Soil Pressure = -Rv I A ± Me II

Toe Pressure

Heel Pressure

Area for 1 meter strip, A =
1= 1/12 bh"3 =

e = Footing width I 2 =
e=e-x=

M = Rv * (Footing width I 2 - x) =

-Rv/A=
Mell=

-Rv I A - Me 11 =

-Rv/A+Mell=

110 mm

1.254 m>
0.16 mA 4

0.627 m
0.517 m

39.194 kN·m

-80.434 kPa

149.548 kPa

-210 kPa

89 kPa

NO GOOD - Outside middle 1/3



IIFile Detail 04 IJOb No.

I
I
I
I
I
I
I
I
I

Computation

Iprojecc Santan Outfall Channel ICompuce BKV
ISubjecc Headwall - Detail 04 IChecked

ITask Stem Design, ASD ISheet 4

LATERIAL FORCES:
Force Factor Moment LeverArm Moment

Cause (kN) (kN) (m) (kNom)

Static Soil 16.644 x 1.000 = 16.644 x 0.684 = 11.385
Surcharge 9.733 x 1.000 = 9.733 x 1.026 = 9.986
Impact on Rail 3.244 x 1.000 = 3.244 x 3.052 = 9.900

Total 29.621 29.621 31.271

Sesmic Soil 17.467 x 1.000 17.467 x 1.026 = 17.921
Soillnteria 1.691 x 1.000 = 1.691 x 1.026 = 1.735
Barrier Interia 0.040 x 1.000 0.040 x 3.052 = 0.122
Wallinteria 0.500 x 1.000 = 0.500 x 1.026 = 0.513
Wall Taper Interia 0.000 x 1.000 = 0.000 x 0.684 = 0.000

Total 17.467 17.467 20.291

Reduced (3/4) 13.100 13.100 15.218

Design Shaer and Moment 29.621 kN 31.271 kNom

CHECK SHEARATBASE OFSTEM:

d Stem Width - cover - 1/2 Bar diameter = 193 mm
Vc 0.079 '-Irc bd = 72.073 kN > 29.621 kN OK

IDaCe 2/23/98

IDace

tO f 6

I DESIGN STEM FOR MOMENT:

I
I
I
I
I
I

k = fc/(fc+(fs/n)
j=1-kl3
d
b
bd%

As=M/fsjd

Bar size
Bar Spacing
Bar diameter
Bar Area
As provided

p = As 1bd
pn
k = (2pn + (pn)')Ay:' - pn
j=1-kl3
fc = 2M 1bd% k j

fs = M 1Asj d

Temp &Shrinkage steel:
As required (265 mm2 per m%)

0.350
0.883

193 mm

1000 mm

3.721 E+07 m'3
1112 mm'

7
300 mm

22 mm

388 mm'

1292 mm'

0.0067
0.0595

0.291
0.903
6.404 kPa < 10.000 OK

138.889 kPa < 165.000 OK

265 mm' per m% = 265 mm'

I
I

Inside Face
Bar size
Bar Spacing (450 mm or 3 t m

Bar diameter
Bar Area
As provided

4
300 mm OK

13 mm

126 mm'
422 mm'

Outside Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

4
300 mm OK

13 mm

126 mm'
422 mm'



IFile Detail 04
IJOb No. INO.

Computation I-il~

Iproject Santan Outfall Channel
Icomputed BKV IDate 2/23/98

ISubject Headwall - Detail 04
IChecked IDate

ITask Heel Design, ASD
ISheet 5 IOf 6

VERTICAL FORCES:
Force Factor Load LeverArm Moment

Cause (kN) (kN) (m) (kN'm)

Static Soil 42.271 x 1.000 = 42.271 x 0.500 = 21.136

Surcharge 12.360 x 1.000 = 12.360 x 0.500 = 6.180

Concrete 6.096 x 1.000 = 6.096 x 0.500 = 3.048

Design Shear and Moment 60.727 30.364

Shear Check:
d Footing Depth - cover - 1/2 Bar di~meter= 193 mm

Vc 0.079 fc bd = 68.147 kN > 60.727 kN OK

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Moment:
k = fcl(fc+(fsln)

j=1-k13
d
bd2 (b = 1m)
As=Mlfsjd

Bar size
Bar Spacing
Bar diameter
Bar Area
As provided

Id provided

p=As/bd
pn
k = (2pn + (pn)2)".5 - pn

j=1-k/3
fc = 2M 1bd2 k j
fs=M/Asjd

Temp & Shrinkage steel:
As required 265 mm2per m2=

Top Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

Bottom Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

As Total

0.350
0.883
0.193 m
0.037 m"3

1080 mm2/m

7
300 mm

22 mm
388 mm2

1292 mm2/m

254 mm >

0.0067
0.0595

0.291
0.903
6.219 kPa<

134.859 kPa<

265 mm>

4
450 mm

13 mm
126 mm'
281 mm'

4
450 mm

13 mm
126 mm'
281 mm'

562 mm'

940 mm

10.000

165.000

OK

. NO GOOD

OK
OK

OK

OK

OK



Project Santan Outfall Channel

ITask ~ Toe Design, ASD

ISubj eet Headwall- Detail 04

IJOb No. ~.

I-il~
Icomputed BKV IDate 2/23/98

IChecked IDate

ISheet 6 10 £ 6

Force Factor Load LeverArm Moment
(kN) (kN) (m) (kNom)

0.000 x 1.000 = 0.000 x 0.000 = 0.000
0.000 x 1.000 = 0.000 x 0.000 = 0.000
0.000 x 0.000 = 0.000 x 0.000 = 0.000

0.000 0.000

Static Soil Pressure (retangular area)
Soil Pressure (triangular area)
Concrete

Detail 04

I VERTICAL FORCES:

Cause

I Computation

I
I Design Shear and Moment

As Total

Temp & Shrinkage steel:
As required 265 mm2 per m' =

Top Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

Bottom Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

OK

OK

OK

OK

OK
OK

OK

NO GOOD533 mm

0.000 kN

10.000
165.000

0.350
0.883
0.196 m
0.038 111"3

0 mm'/m

5
300 mm

16 mm
198 mill'
660 mm'/m

0 mm >

0.0034
0.0299
0.217
0.928
0.000 kPa<

0.000 kPa<

265 mm'

4
450 mm

13 mm
126 mm'
281 mm'

4
450 mm

13 mm
126 mm'
281 mm'

562 mm'

Footing Depth - cover -112 Bar diqmeter = 196 mm
0.079 'ifc bd = 69.269 kN >

Bar size
Bar Spacing
Bar diameter
Bar Area
As provided

/d provided

p=As/bd
pn
k = (2pn + {pn)')".5 - pn
j=1-k/3
fC=2M/bd2 kj
fs=M/Asjd

Shear Check:
d
Vc

Moment:
k = fci(fc+(fsin)
j=1-k13
d
bd2 (b =1m)
As=M/fsjd

I
I
I
I
I
I
I
I
I
I
I
I
I



I
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I
I
I
I
I
I
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I
I
I
I
I
I
I



I
ISubject Channel Transition - Detail 019

ITask Retaining Wall Design

IProject Santan Outfall Channel

Computation

6

2/23/98

IDate

IDate

10E

INo.00173-159-044

ISheet 1

lcompute BKV

IChecked

IJOb No.Channel Transition Wall, 4700mm, Detail 09IFile

I
I

I
I

GEOMETERY:
Wall Height
Wall Thickness (top)
Wall Thickness (bottom)

Wall Cover

d

4700 mm
350 mm
350 mm

50 mm
300 mm

barrier

r

I
I
I

Toe Length
Toe Thickness
Toe Cover
Soil Height on toe

Heel Length
Heel Thickness
Heel Cover

Total Footing Length
Total Wall Height

1000 mm
650 mm

75 mm
a mm

1650 mm
650 mm

50 mm

3000 mm
5350 mm

toe

I

heel

1

I
Barrier Width
Barrier Height

25 mm
1000 mm

I LOADING:
Surcharge
Eq. soil height

12.360 kN
600.000 mm

Barrier Weight
Barrier Impact Load
Barrier Impact Load Adjusted for Wall Height

1.000 kN
1334 kN/m at top of wall
1.418 kN/m at base of wall

I
I

MA TERIAL PROPERTIES:
fy

E.
fe
Unit weight of concrete
Ee wc"1.5 0.042S--Jfe =

400.000 MPa
2.00E+08 kPa

20.000 MPa
24.000 kN/m-'3

2.25E+07 kPa

sin2(b+f)

fe
fs

n
Unit weight of soil
Allowable soil bearing pressure
Horizontial earthquake acceleration (kh)
Vertical earthquake acceleration (kv)

f
b
a
g
Coefficient of Sliding Friction (J.L)

Ka=

I
I
I
I
I
I

I,;o~b) • ,;olb-g) ~ {

Kae = Ka + 3/4 kh

Equilvalent Fluid Pressure

sin(f+g) • sin(f-a) JI,J
sin(b-g) • Sin(a+bJ

10 MPa
165 MPa

8.885
20.600 kN/mA 3

120.000 kPa
0.040 9
0.027 9
33.20 0

90.00 0

0.00 0

35.00 0

0.50

0.267

0.297

5.509 kPa per meter



Channel Transition Wall, 4700mm, Detail 09

I Computation

I'Subject Channel Transition· Detail 019

ITask Overturning and Shear - Case 1

I OVERTURNING:

Overturning Moment (Mo) per meter of wall:

IJOb No. 00173-159-044

Icomputed BKV

ICheeked

ISheet 2

IDate

IDate

2/23/98

6



Channel Transition Wall, 4700mm, Detail 09
IJOb No. 00173-159-044

IIFile

I Computation

Iproject Santan Outfall ChannelI 'Subject Channel Transition - Detail 019

ITask Soil Pressures

\compute

ICheCked
ISheet

SKV

3

loate

loate

2/23/98

6

I
I

FOOTING SOIL PRESSURES:

Resultant Vertical Force (Rv)

Location of Resultant Force from the toe of the footing~ - Mo) I Rv =

267 kN

1170 mm OK - Inside middle 1/3

I
I
I
I
I
I
I
I
I
I
I
I
I
I

Soil Pressure = -Rv I A :I: Me II

Toe Pressure

Heel Pressure

Area for 1 meter strip, A =
I =1/12 bh"3 =

e =Footing width 12 =
e=c-x=

M = Rv * (Footing width 12 • x) =

-Rv/A=
Mel\=

-Rv I A - Me /I =

-Rv I A + Me /I =

3.000 m'
2.25 m'4

1.500 m

0.330 m
88.300 kNom

-89.142 kPa
58.867 kPa

-148 kPa

-30 kPa



I 'Subject Channel Transition - Detail 019

ITask Stem Design, ASD

Icompute BKV IDate 2/23/98

IChecked IDate

ISheet 4 IOf 6

lJOb .No .00173-159-044Channel Transition Wall, 4700mm, Detail 09

LATERIAL FORCES:
Force Factor Moment LeverArm Moment

Cause (kN) (kN) (m) (kN·m)

Static Soil 60.846 x 1.000 = 60.846 x 1.567 = 95.325
Surcharge 15.535 x 1.000 = 15.535 x 2.350 = 36.508
Impact on Rail 1.418 x 1.000 = 1.418 x 5.700 = 8.083

Total 77.799 77.799 139.916

I 'File

I Computation

Iproject Santan Outfall Channel

I
I
I

Design Shaer and Moment

I
I
I

Sesmic Soil
Soillnteria
Barrier Interia
Wallinteria
Wall Taper Interia

Total

Reduced (3/4)

65.867 x
6.390 x
0.040 x
1.579 x
0.000 x

65.867

49.400

1.000 65.867 x 2.350 154.788
1.000 = 6.390 x 2.350 = 15.017
1.000 = 0.040 x 5.700 = 0.228
1.000 = 1.579 x 2.350 = 3.711
1.000 0.000 x 1.567 = 0.000

65.867 173.744

49.400 130.308

77.799 kN 139.916 kN·m

I
I

CHECK SHEAR A T BASE OF STEM:

d Stem Width - cover -1/2 Bar diameter = 286 mm
Ve 0.079 -Ife bd = 105.990 kN > 77.799 kN

DESIGN STEM FOR MOMENT:

OK

I
I

k = fcl(fc+(fs/n)
j=1-k/3
d
b
bd%

As=M/fsjd

0.350
0.883

286 mm
1000 mm

8.161E+07 rtl"3

3360 mm'

I
I
I
I

Bar size
Bar Spacing
Bar diameter
Bar Area
As provided.

p = As I bd
pn
k = (2pn + (pn)')''';' - pn
j=1-k/3
fc =2M I bd% k j
fs=M/Asjd

Temp &Shrinkage steel:
As required (265 mm% per m%)

9
150 mm
29 mm

645 mm'
4301 mm'

0.0151
0.1338

0.400
0.867
9.881 kPa < 10.000 OK

131.416 kPa < 165.000 OK

265 mm% per m% = 265 mm'

I
I

Inside Face
Bar size
Bar Spacing (450 mm or 3 t m

Bar diameter
Bar Area
As provided

4
450 mm OK

13 mm
126 mm'
281 mm'

Outside Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

4
450 mm OK

13 mm

126 mm'
281 mm'

"""



I IFile Channel Transition Wall, 4700mm, Detail 09 !Job No. 00173-159-044 INo.

ISubject ChannelTransition-Detaii 019

Footing Depth - cover - 1/2 Bar di'lmeter = 587 mm
0.079 'Vfc bd =207.492 kN >

I
I
I
I
I
I

computation

Iproj ect Santan Outfall Channel

ITaSk Heel Design, ASD

VERTICAL FORCES:

Cause

Static Soil
Surcharge
Concrete

Design Shear and Moment

Shear Check:
d
Vc

Force Factor Load

(kN) (kN)

159.753 x 1.000 = 159.753 x
20.394 x 1.000 = 20.394 x
25.740 x 1.000 = 25.740 x

205.887

lcomputed BKV

IChecked

ISheet 5

LeverArrn Moment
(m) (kN'm)

0.825 = 131.796

0.825 = 16.825

0.825 = 21.236

169.857

205.887 kN

Inate

Inate

IOf

OK

2/23/98

6

I
I
I
I
I
I
I
I
I
I
I
I

Moment:
k = fcJ(fc+(fsIn)
j=1-kl3
d
bd2 (b = 1m)
As=M/fsjd

Bar size
Bar Spacing
Bar diameter
Bar Area
As provided

Id provided

P =As / bd
pn
k = (2pn + (pn)")".5 - pn
j=1-kl3
fc = 2M / bd2 k j
fs=M/Asjd

Temp & Shrinkage steel:
As required 265 mm2 per m2 =

Top Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

Bottom Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

As Total

0.350
0.883
0.587 m
0.345 m"3
1984 mm2/m

8
250 mm

25 mm
506 mm2

2026 mm2/m

1350 mm >

0.0034
0.0306

0.219
0.927
4.855 kPa<

153.999 kPa<

265 mm'

4
450 mm

13 mm
126 mm'
281 mm'

4
450 mm

13 mm
126 mm'
281 mm'

562 mm'

1219 mm

10.000
165.000

OK

OK

OK
OK

OK

OK

OK



File Channel Transition Wall, 4700mm, Detail 09 IJOb No. 00173-159-044

6

2/23/98

IOf
IDate

IDate

6

BKV

ISheet

!computed

IChecked

lproject Santan Outfall Channel

I Computation

I Subject Channel Transition· Detail 019

Task Toe Design, ASD

I Design Shear and Moment

I VERTICAL FORCES:

Cause

I Static Soil Pressure (retangular area)
Soil Pressure (triangular area)

Concrete

Force Factor Load LeverArm Moment

(kN) (kN) (m) (kN'm)

30.276 x 1.000 = 30.276 x 0.500 = 15.138

58.867 x 1.000 = 58.867 x 0.667 = 39.244

-15.600 x 0.000 = 0.000 x 0.500 = 0.000

89.142 54.382

I
Shear Check:

d
Ve

Footing Depth - cover· 1/2 Bar diqmeter = 592 mm
0.079 'ife bd = 209.175 kN > 89.142 kN OK

I
I
I
I
I
I
I
I
I
I
I

Moment:
k = fcl(fc+(fsln)
j=1-k13
d
bd2 (b =1m)
As=M/fsjd

Bar size
Bar Spacing
Bar diameter
Bar Area
As provided

Id provided

P=As 1bd
pn
k = (2pn + (pn)2)".5 - pn
j=1-k13
fc = 2M 1bd' k j
fs=M/Asjd

Temp &Shrinkage steel:
As required 265 mm' per m' =

Top Face
Bar size
Bar Spacing (450 mmor 3 t max)

Bar diameter
Bar Area
As provided

Bottom Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

As Total

0.350
0.883
0.592 m

0.351 1Tl"3

630 mm'/m

5
300 mm

16 mm

198 mm'
660 mm'/m

1000 mm >

0.0011
0.0099

0.131
0.956
2.473 kPa<

145.488 kPa<

265 mm'

4
450 mm

13 mm

126 mm'
281 mm'

4
450 mm

13 mm

126 mm'
281 mm'

562 mm'

533 mm

10.000
165.000

OK

OK

OK
OK

OK

OK

OK

I
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I IFile Channel Transition Wall, 4700mm, halfway up IJOb No. 00173·097·044 INo.

Computation
I
I

Iproject

ISubject

!TaSk

Santan Outfall Channel

Channel Transition, Detail 019, half way up stem wall

Retaining Wall Design

Icompute BKV

IChecked •

ISheet 1

IDate

IDate

IOf

2/23/98

6

1.000 kN
1334 kN/m at top of wall

3.170 kN/m at base of wall

I
I
I
I
I
I
I
I
I
I
I
I
I
I

GEOMETERY:
Wall Height
Wall Thickness (top)
Wall Thickness (bottom)
Wall Cover

d

Toe Length
Toe Thickness
Toe Cover
Soil Height on toe

Heel Length
Heel Thickness
Heel Cover

Total Footing Length
Total Wall Height

Barrier Width
Barrier Height

LOADING:
Surcharge
Eq. soil height

Barrier Weight
Barrier Impact Load
Barrier Impact Load Adjusted for Wall Height

MA TERIAL PROPERTIES:
fy

Es
fc
Unit weight of concrete
Ec

fc
fs

n
Unit weight of soil
Allowable soil bearing pressure
Horizontial earthquake acceleration (kh)
Vertical earthquake acceleration (kv)

f
b
a
g
Coefficient of Sliding Friction (~)

sin'(b+f)

2100 mm
325 mm
325 mm

50 mm
275 mm

1000 mm
600 mm

75 mm
a mm

1650 mm
600 mm

50 mm

2975 mm
2700 mm

25 mm
1000 mm

12.360 kN
600.000 mm

wc"1.5 0.0428,1fc =

barrier

I

toe

I

400.000 MPa
2.00E+08 kPa

20.000 MPa
24.000 kN/111"3

2.25E+07 kPa

10 MPa
165 MPa

8.885
20.600 kN/mA 3

120.000 kPa
0.040 9
0.027 9
33.20 •
90.00 •

0.00 •
35.00 •

0.50

heel

I

Ka=

I
I

I,;o~b) • ,;olb-g) ~ {

Kae = Ka + 3/4 kh

Equilvalent Fluid Pressure

sin(f+g) • sin(f-a) ~Y"J

sin(b-g) • Sin(a+bU

0.267

0.297

5.509 kPa per meter



I 'File Channel Transition Wall, 4700mm, halfway up IJOb No. 00173-097-044

Computation

I
IComputedIPrOject Santan Outfall Channel BKV

IISubj ect Channel Transition, Detail 019, half way up stem wall IChecked

ITask Overturning and Shear - Case 1 ISheet 2

I
OVERTURNING:

Overtuming Moment: (Mo) per meter of wall:

Lever Load Factored

I
Force Arm Moment Factor Force Moment

Cause (leN) (m) (kN'm) (leN) (kN'm)

Soil 20.080 0.900 18.072 1.69 33.935 30.542

I Surcharge 8.924 1.350 12.048 2.17 19.375 26.156
Barrier Impact 3.170 3.700 11.728 2.17 6.882 25.462

Total 32.174 Mo= 41.848 60.192 82.159

I Righting Moment: (Mr) per meter of wall
Lever Load Factored

Force Arm Moment Factor Force Force

I Cause (leN) (m) (kN'm) (kN) (kN'm)

Footing 42.840 1.488 63.725 1.69 72.400 107.694
Wall Taper 0.000 1.000 0.000 1.69 0.000 0.000

I Wall 16.380 1.163 19.042 1.69 27.682 32.181
Barrier 1.000 1.313 1.313 1.69 1.690 2.218
Surcharge 20.394 2.150 43.847 2.17 44.275 95.192
Soil 71.379 2.150 153.465 1.69 120.631 259.356

I Total Rv = 151.993 Mr= 281.391 266.678 496.641

I· Factor of Safety against Overtuming: MriMo 6.72 >2.0 OK

I SLIDING:
Force

Forces Causing Sliding: 0/s) Cause (kN)

I Soil 20.080
Surcharge 8.924

I
Total per meter of wall 29.004

Force
Forces Resisting Sliding: 0/r) Cause (kN)

I Footing 42.840
Wall Taper 0.000
Wall 16.380

I
Surcharge 20.394
Soil 71.379

Total per meter of wall 150.993

I Factor of Safety against Sliding: !J.Vr/Vs= 2.60 > 1.5 OK

I
I

IDate 2123/98

IDate

IOf 6



IIFile Channel Transition Wall, 4700mm, halfway up
IJob No. 00173-097-044

6

2/23/98

IOf
IDate

IDate

3

BKV

ISheet

Icompute

IChecked

Computation

IProj ect Santan Outfall Channel

Iisubject Channel Transition, Detail 019, halfway up stem wall

ITask Soil Pressures

I

I
I

FOOTING SOIL PRESSURES:

Resultant Vertical Force (Rv)

Location of Resultant Force from the toe of the footing (¢ld'T- Mo) I Rv =

152 kN

1576 mm OK· Inside middle 1/3

I
I
I

Soil Pressure = -Rv I A ± Me II Area for 1 meter strip, A =
1= 1/12 bhA3 =

e = Footing width/2 =
e=c-x=

M = Rv • (Footing width 12 - x) =

-Rv/A=
Mell=

2.975 m'
2.191Tl"4

1.488 m
-0.089 m

-13.453 kN-m

·51.090 kPa

-9.120 kPa

I
Toe Pressure

Heel Pressure

-Rv/A-Mell=

-Rv/A+Mell=

-42 kPa

-60 kPa

I
I
I
I
I
I
I
I
I
I



Channel Transition Wall, 4700mm, halfway upI 'File

I Computation
IJOb No .00173-097_044

6

2/23/98

IDate

IDate

10f5

BKV

ISheet

Icompute

IChecked

Force Factor Moment LeverAnn Moment
(I<N) (kN) (m) (kN'm)

12.147 x 1.000 = 12.147 x 0.700 = 8.503
6.941 x 1.000 = 6.941 x 1.050 = 7.288
3.170 x 1.000 = 3.170 x 3.100 = 9.826

22.258 22.258 25.617Total

Slatic Soil
Surcharge
Impact on Rail

Iproject Santan Outfall Channel

IISubject Channel Transition, Detail 019, halfway up stem wall

ITask Stem Design, ASD, HalfWay Up (Wall Height =2.1 meters)

I LA TERIAL FORCES:

Cause

I
I

I
I
I
I
I

Sesmic Soil 13.150 x 1.000 = 13.150 x 1.050 = 1J.807
Soillntena 2.855 x 1.000 = 2.855 x 1.050 = 2.998
Barrier Intena 0.040 x 1.000 = 0.040 x 3.100 = 0.124
Wallintena 0.655 x 1.000 = 0.655 x 1.050 = 0.688
Wall Taper Intena 0.000 x 1.000 = 0.000 x 0.700 = 0.000

Total 13.150 13.150 17.617

Reduced (3/4) 9.862 9.862 13.213

Design Shaer and Moment 22.258 kN 25.617 kN·m

CHECK SHEAR A T BASE OF STEM:

d Stem Width - cover - 1/2 Bar diameter = 265 mm
Vc 0.079 ...Jfc bd = 97.157 kN > 22.258 kN OK

DESIGN STEM FOR MOMENT:

I
I

k =fcJ(fc+(fs/n)
j=1-kl3
d
b
bd2

As=M/fsjd

0.350
0.883

265 mm
1000 mm

7.048E+07 m"3

662 mm'

Outside Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter

Bar Area
As provided

I
I
I
I
I
I

Bar size
Bar Spacing ­
Bar diameter
Bar Area
As provided

p=As/bd
pn
k = (2pn + (pn)2)"% - pn
j=1-kl3
fc = 2M I bd 2 k j
fs=M/Asjd

Temp &Shrinkage steel:
As required (265 mm2 per m2

)

Inside Face
Bar size
Bar Spacing (450 mm or 3 t m

Bar diameter

Bar Area
As provided

4
450 mm OK

13 mm
126 mm2

281 mm2

265 mm2per m2=

6
300 mm

19 mm
285 mm2

951 mm2

0.0036
0.0318

0.222
0.926
3.530 kPa < 10.000

109.648 kPa < 165.000

265 mm2

OK
OK

4
450 mm OK

13 mm
126 mm2

281 mm2



I
I
1
1
1
1
1

IFile
Channel Transition Wall, 4700mm, halfway up

IJOb No. 00173-097-044 INa.

Computation I-n~

lproj ect: Santan Outfall Channel
Icomput:ed BKV IDat:e 2/23/98

ISubject: Channel Transition. Detail 019. halfway up stem wall
IChecked IDat:e

ITask- Heel Design, ASD
ISheet: 5 IOf 6

VERTICAL FORCES:
Force Factor Load Lever Arm Moment

Cause
(kN) (kN) (m) (kN-m)

Static Soil 71.379 x 1.000 = 71.379 x 0.825 = 58.888

Surcharge 20.394 x 1.000 = 20.394 x 0.825 = 16.825

Concrete 23.760 x 1.000 = 23.760 x 0.825 = 19.602

Design Shear and Moment
115.533

95.315

Shear Check:
d

Footing Depth - cover - 1/2 Bar d~meter = 537
mm

Vc
0.079 fc bd = 189.827 kN > 115.533 kN OK

1
1
1
1
1
1
1-
1
1
1
1
I

Moment:
k =fcl(fc+(fs/n)
j=1-k/3
d
bd2 (b = 1m)
As=M/fsjd

Bar size
Bar Spacing
Bar diameter
Bar Area
As provided

Id provided

p=As/bd
pn
k = (2pn + (pn)')".5 - po

j=1-k/3
fc=2M/bd2 kj
fs=M/Asjd

Temp & Shrinkage steel:
As required 265 mm' per m' =

Top Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

Bottom Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

As Total

0.350
0.883
0.537 m
0.289 1'Tl"3

1217 mm2/m

8
250 mm

25 mm
506 mm2

2026 mm2/m

1650 mm >

0.0038
0.0335

0.227
0.924
3.141 kPa<

94.754 kPa<

265 mm'

4
450 mm

13 mm
126 mm'
281 mm'

4
450 mm

13 mm
126 mm'
281 mm'

562 mm'

1219 mm

10.000
165.000

OK

OK

OK
OK

OK

OK

OK



File Channel Transition Wall, 4700mm, halfway up IJob No. 00173-097-044

ITask Heel Design
6

2/23/98

IOf
IDace

IDace

6

BKV

ISheec

ICOmPUCed

ICheckedSubjecc Channel Transition, Detail 019, halfway up stem wall

I Computation

lproject Santan Outfall Channel

I Design Shear and Moment

I VERTICAL FORCES:

Cause

I Static Soil Pressure (retangular area)
Soil Pressure (triangular area)

Concrete

Force Factor Load LeverArm Moment

(kN) (kN) (m) (kN·m)

41.970 x 1.000 = 41.970 x 0.500 = 20.985

9.120 x 1.000 = 9.120 x 0.667 = 6.080

-14.400 x 0.000 = 0.000 x 0.500 = 0.000

51.090 27.065

I
Shear Check:

d
Vc

Footing Depth - cover - 1/2 Bar diCjmeter = 542 mm
0.079 ~fc bd =191.510 kN > 51.090 kN OK

I
I
I
I
I
I
I
I
I
I
I

Moment:
k =fci(fc+(fsIn)
j=1-k13
d
bd2 (b =1m)
As=M/fsjd

Bar size
Bar Spacing
Bar diameter
Bar Area
As provided

Id .provided

p=As/bd
pn
k = (2pn + (pn)')".5 - pn

j=1-k/3
fc = 2M I bd2 k j
fs=M/Asjd

Temp & Shrinkage steel:
As required 265 mm' per m' =

Top Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter
Bar Area
As provided

Bottom Face
Bar size
Bar Spacing (450 mm or 3 t max)

Bar diameter

Bar Area
As provided

As Total

0.350
0.883
0.542 m

0.294 nr3
343 mrrr/m

5
300 mm

16 mm

198 mm'
660 mrrr/m

1650 mm >

0.0012
0.0108

0.137
0.954
1.412 kPa<

79.237 kPa<

265 mm'

4
450 mm

13 mm
126 mm'
281 mm'

4
450 mm

13 mm
126 mm'
281 mm'

562 mm'

533 mm

10.000
165.000

OK

OK

OK
OK

OK

OK

OK

I
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omputation
Santan Outfall Channel

j ect Gate Structure - Detail B1 & B2

Base Walls

IJOb No. 00173-159-044

Icomputed BKV

IChecked

ISheet

IDate

[Date

IOf 5

2/23/98

MOMENT LIMITS:
Simple span with Point Load in the center
Fixed End with Point Load in the center

M = 5.716 kip-ft
M = 3.810 kip-ft

I
I
I'
I
I
I
I
I
I
I
I
I
I
I

MATERIAL PROPERTIES:
fy
fc
concrete

GEOMETRY:
la
Ib
x
p
slabt
b
d
LL
DL
PL
Case(1-9}

MOMENT COEFFICIENTS:
m= la/lb

Neg. Moment

DLMoment

LLMoment

W Ratio

FACTORED LOADS:
live Load
Dead Load

Total

Point Load

0.938

Ca= 0.0000
Cb= 0.0000

Ca= 0.0403
Cb= 0.0328

Ca= 0.0403
Cb= 0.0328

Wa= 0.5531
Wb= 0.4469

0.100 x 1.7 =
1.035 x 1.4 =
0.150 x 1.4 =

0.000 x 1.4 =

60000 psi

3000 psi

150 pcf

5.00 feet

5.33 feet

0.00 feet

0.00 feet

12.00 inches

12.00 inches

9.50 inches

100.00 pst

1035.00 psf

o Ibs
1

0.170 ksf

1.449 ksf

0.210 ksf

1.829 ksf

0.000 kips

short direction

long direction

short direction for equipment pad

long direction for equipment pad

#9 bars + 2" cover

Standard Uve Load

Misc equipment

equipment load

see table section

wlA 2/8 + PI/4
w1 A 2112 + PI/4

I
I

DISTRIBUTION OF POINT LOADS:
Pa = P:lb/(la+lb}
Pb = P:la/(la+lb)

Pa/Pb = Iblla
0.000 kips
0.000 kips
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fomputation
Iproject: Santan Outfall Channel

ject: Gate Structure· Detail B1 & B2

Base Walls

IJob No.

Icomputed

IChecked

ISheet

BKV

2

IDate

IDate

IOf
5

2/23/98

This solution uses the method described in chapter eight of the book:
DESIGN OF CONCRETE STRUCTURES Tenth Edition
by Arthur H. Nilson IGeorge Winter
McGraw-Hili Book Company

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NEGATIVE MOMENTS:
Ma- = Ca:w:la"2+P:la/4
Mb- = Cb:w:lb"2+P:lb/4

POSITIVE MOMENTS:
Ma+ = [Cawla"2]dl+[Cawla"2]1I+Pala/8
Mb+ = [Cbwlb"2]dl+[Cbwlb"2]1I+Pblb/8

SHEAR AT CONTINUOS EDGE:
Va = .5Wa:w:la + xPalla
Vb = .5Wb:w:lb + pPbllb

DESIGN FOR NEGATIVE MOMENT - DIRECTION A:
Mu=Mn/.9
Rn =Mu/(obd"2)
p = .85fclfy(1-(1-2Rn/.85fc)".5)
p min. =200/fy
p used = max(p,p min.)
As= pbt

DESIGN FOR NEGATIVE MOMENT - DIRECTION B:
Mu=Mn/.9
Rn = Mu/(obd"2)
p = .85fc/fy(1-(1-2Rn/.85fc)".5)
p min. = 200/fy
P used = max(p,p min.)
As = pbt

DESIGN FOR POSITIVE MOMENT - DIRECTION A:
Mu= Mn/.9
Rn = Mu/(obd"2)
p = .85fc/fy(1-(1-2Rn/.85fc)".5)
p !11in. = 200/fy
P used = max(p.p min.)
As = pbt

DESIGN FOR POSITIVE MOMENT - DIRECTION B:
Mu = Mn/.9
Rn = Mu/(obd"2)
p = .85fclfy(1-(1-2Rn/.85fc)A.5)

p min. =200/fy
P used = max(p,p min.)
As = pbt

DESIGN OF SHEAR:
Vc = 2(fc)A.Slbd

Va
Vb

0.000 kip·ft
0.000 kip-ft

0.383 kip-ft
0.354 kip-ft

2.529 kif
2.179 kif

0.000 kip-ft
a

0.0000
0.0033
0.0033

0.480 in"2/ft

0.000 kip-ft
a

0.0000
0.0033
0.0033

0.480 inA2/ft

0.426 kip-ft
5.24

0.0001
0.0033
0.0033

0.480 inA2/ft

0.393 kip-ft
4.84

0.0001
0.0033
0.0033

0.480 inA2/ft

12.488 kif
2.529 OK
2.179 OK



lomputation

I
IFile Gate Structure, Detail 81 & 82

2123/98

5
IOf
IDate

\Date

3

BKV

00173-159-044

ISheet

IChecked

!computed

IJOb No.

The double edge indicates that the slab continues across,
or is fixed at, the support; a single edge indicates
a support at which torsion resistance is negligible.

CaseS

Case 9

Case 1

f_-

DESIGN CASES:

6aseWalls

Gate structure· Detail B1 & 62

Santan Outfall Channel

,'k

I
I
I
I
I
I
I
I
I
I
I
I
I
I,
I



Ile Gate Structure, Detail 81 & 82 IJob No. 00173·159·044 kro.
lomputation I-n~
I~:oject Santan Outfall Channel lcomputed BKV IDate 2123/98

~.., Gate Structure - Detail 81 & 82 IChecked IDate

8aseWalls ISheet:
4

IOf 5Task

fble 8.3 - Coefficients for negative moments in slabs
'. Ma = Ca w IA 2 where w = total uniform dead plus live load

Mb=Cbw1A 2

I m=la/lb

m \ Case> 1 2 3 4 5 6 7 8 9

I 1.00 Ca 0.000 0.045 0.000 0.050 0.075 0.071 0.000 0.033 0.061
Cb 0.000 0.045 0.076 0.050 0.000 0.000 0.071 0.061 0.033

0.95 Ca 0.000 0.050 0.000 0.055 0.079 0.075 0.000 0.038 0.065

I Cb 0.000 0.041 0.072 0.045 0.000 0.000 0.067 0.056 0.029
0.90 Ca 0.000 0.055 0.000 0.060 0.080 0.079 0.000 0.043 0.068

Cb 0.000 0.037 0.070 0.040 0.000 0.000 0.062 0.052 0.025

I
0.85 Ca 0.000 0.060 0.000 0.066 0.082 0.083 0.000 0.049 0.072

Cb 0.000 0.031 0.065 0.034 0.000 0.000 0.057 0.046 0.021
0.80 Ca 0.000 0.065 0.000 0.071 0.083 0.086 0.000 0.055 0.075

Cb 0.000 0.027 0.061 0.029 0.000 0.000 0.051 0.041 0.017
0.75 Ca 0.000 0.069 0.000 0.076 0.085 0.088 0.000 0.061 0.078

I Cb 0.000 0.022 0.056 0.024 0.000 0.000 0.044 0.036 0.014
0.70 Ca 0.000 0.074 0.000 0.081 0.086 0.091 0.000 0.068 0.081

Cb 0.000 0.017 0.050 0.019 0.000 0.000 0.038 0.029 0.011

I
0.65 Ca 0.000 0.077 0.000 0.085 0.087 0.093 0.000 0.074 0.083

Cb 0.000 0.014 0.043 0.015 0.000 0.000 0.031 0.024 0.008
0.60 Ca 0.000 0.081 0.000 0.089 0.088 0.095 0.000 0.080 0.085

Cb 0.000 0.010 0.035 0.011 0.000 0.000 0.024 0.018 0.006

I
0.55 Ca 0.000 0.084 0.000 0.092 0.089 0.096 0.000 0.085 0.086

Cb 0.000 0.007 0.028 0.'008 0.000 0.000 0.019 0.014 0.005
0.50 Ca 0.000 0.086 0.000 0.094 0.090 0.097 0.000 0.089 0.088

Cb 0.000 0.006 0.022 0.006 0.000 0.000 0.014 0.010 0.003

lable 8.4 • Coefficients for dead load positive moments in slabs
Ma=Caw1A 2 where w = total uniform dead load

I Mb= Cbw IA 2
m =Ja/lb

m Case> 1 2 3 4 5 6 7 8 9

I -
1.00 Ca 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023

Cb 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.020

I
0.95 Ca 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024

Cb 0.033 0.016 0.025 0.024 0.015 0.024 0.031 0.021 0.017
0.90 Ca 0.045 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026

Cb 0.029 0.014 0.024 0.022 0.013 0.021 0.028 0.019 0.015

I
0.85 Ca 0.050 0.024 0.029 0.036 0.031 0.042 0.040 0.029 0.028

Cb 0.026 0.012 0.022 0.019 0.011 0.017 0.025 0.017 0.013
0.80 Ca 0.056 0.026 0.034 0.039 0.032 0.045 0.045 0.032 0.029

Cb 0.023 0.011 0.020 0.013 0.009 0.015 0.022 0.015 0.010

I
0.75 Ca 0.061 0.028 0.040 0.043 0.033 0.048 0.051 0.036 0.031

Cb 0.019 0.009 0.018 0.013 0.007 0.012 0.020 0.013 0.007
0.70 Ca 0.068 0.030 0.046 0.046 0.035 0.051 0.058 0.040 0.033

Cb 0.016 0.007 0.016 0.011 0.005 0.009 0.017 0.011 0.006

I 0.65 Ca 0.074 0.032 0.054 0.050 0.036 0.054 0.065 0.044 0.034
Cb 0.013 0.006 0.014 0.009 0.004 0.007 0.014 0.009 0.005

0.60 Ca 0.081 0.034 0.062 0.053 0.037 0.056 0.073 0.048 0.036

Cb 0.010 0.004 0.011 0.007 0.003 0.006 0.012 0.007 0.004

I 0.55 Ca 0.088 0.035 0.071 0.056 0.038 0.058 0.081 0.052 0.037

Cb 0.008 0.003 0.009 0.005 0.002 0.004 0.009 0.005 0.003

0.50 Ca 0.095 0.037 0.080 0.059 0.039 0.061 0.089 0.056 0.038
t"' ... o oo~ o OO? n 007 o OOd 0001 0.003 0.007 0.004 0.002



Gate Structure, Detail 81 & 82 IJOb No. 00173-159-044 h!o.

fomputation
IprOject Santan Outfall Channel

jeet Gate Structure - Detail 81 & 82

Task Base Walls

lcomputed

IChecked

ISheet

BKV

5

loate

loate

loe 5

2123/98

m Case> 1 2 3 4 5 6 7 8 9

1.00 Ca 0.036 0.027 0.027 0.032 0.032 0.035 0.032 0.028 0.030
Cb 0.036 0.027 0.032 0.032 0.027 0.032 0.035 0.030 0.028

0.95 Ca 0.040 0.030 0.031 0.035 0.034 0.038 0.036 0.031 0.032
Cb 0.033 0.025 0.029 0.029 0.024 0.029 0.032 0.027 0.025

0.90 Ca 0.045 0.034 0.035 0.039 0.037 0.042 0.040 0.035 0.036
Cb 0.029 0.022 0.027 0.026 0.021 0.025 0.029 0.024 0.022

0.85 Ca 0.050 0.037 0.040 0.043 0.041 0.046 0.045 0.040 0.039
Cb 0.026 0.019 0.024 0.023 0.019 0.022 0.026 0.022 0.020

0.80 Ca 0.056 0.041 0.045 0.048 0.044 0.051 0.051 0.044 0.042
Cb 0.023 0.017 0.022 0.020 0.016 0.019 0.023 0.019 0.017

0.75 Ca 0.061 0.045 0.051 0.052 0.047 0.055 0.056 0.049 0.046
Cb 0.019 0.014 0.019 0.016 0.013 0.016 0.020 0.016 0.013

0.70 Ca 0.068 0.049 0.057 0.057 0.051 0.060 0.063 0.054 0.050
Cb 0.016 0.012 0.016 0.014 0.011 0.013 0.017 0.014 0.011

0.65 Ca 0.074 0.053 0.064 0.062 0.055 0.064 0.070 0.059 0.054
Cb 0.013 0.010 0.014 0.011 0.009 0.010 0.014 0.011 0.009

0.60 Ca 0.081 0.058 0.071 0.067 0.059 0.068 0.077 0.065 0.059
Cb 0.010 0.007 0.011 0.009 0.007 0.008 0.011 0.009 0.007

0.55 Ca 0.088 0.062 0.080 0.072 0.063 0.073 0.085 0.070 0.063
Cb 0.008 0.006 0.009 0.007 0.005 0.006 0.009 0.007 0.006

0.50 Ca 0.095 0.066 0.088 0.077 0.067 0.078 0.092 0.076 0.067
Cb 0.006 0.004 0.007 0.005 0.004 0.005 0.007 0.005 0.004

I
I ble 8.5 - Coefficients for live load positive moments in slabs

Ma = Ca w 1""2 where w = total uniform live load
Mb=Cbw1A 2
m=lallb

I
I
I
I
I
I
lable 8.6 - Ratio of load W in la and Ib directions for shear in slab and load on supports

I
I
I
I
I

m Case> 1 2 3 4 5 6 7 8 9

1.00 Wa 0.50 0.50 0.17 0.50 0.83 0.71 0.29 0.33 0.67

Wb 0.50 0.50 0.83 0.50 0.17 0.29 0.71 0.67 0.33

0.95 Wa 0.55 0.55 0.20 0.55 0.86 0.75 0.33 0.38 0.71

Wb 0.45 0.45 0.80 0.45 0.14 0.25 0.67 0.62 0.29

0.90 Wa 0.60 0.60 0.23 0.60 0.88 0.79 0.38 0.43 0.75

Wb 0.40 0.40 0.77 0.40 0.12 0.21 0.62 0.57 0.25

0.85 Wa 0.66 0.66 0.28 0.66 0.90 0.83 0.43 0.49 0.79

Wb 0.34 0.34 0.72 0.34 0.10 0.17 0.57 0.51 0.21

0.80 Wa 0.71 0.71 0.33 0.71 0.92 0.86 0.49 0.55 0.83

Wb 0.29 0.29 0.67 0.29 0.08 0.14 0.51 0.45 0.17

0.75 Wa 0.76 0.76 0.39 0.76 0.94 0.88 0.56 0.61 0.86

Wb 0.24 0.24 0.61 0.24 0.06 0.12 0.44 0.39 0.14

0.70 Wa 0.81 0.81 0.45 0.81 0.95 0.91 0.62 0.68 0.89

Wb 0.19 0.19 0.55 0.19 0.05 0.09 0.38 0.32 0.11

0.65 Wa 0.85 0.85 0.53 0.85 0.96 0.93 0.69 0.74 0.92

Wb 0.15 0.15 0.47 0.15 0.04 0.07 0.31 0.26 0.08

0.60 Wa 0.89 0.89 0.61 0.89 0.97 0.95 0.76 0.80 0.94

Wb 0.11 0.11 0.39 0.11 0.03 0.05 0.24 0.20 0.06

0.55 Wa 0.92 0.92 0.69 0.92 0.98 0.96 0.81 0.85 0.95

Wb 0.08 0.08 0.31 0.08 0.02 0.04 0.19 0.15 0.05

0.50 Wa 0.94 0.94 0.76 0.94 0.99 0.97 0.86 0.89 0.97

Wb 0.06 0.06 0.24 0.06 0.01 0.03 0.14 0.11 0.03
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MATERIAL PROPERTIES:
fy
fc
concrete

GEOMETRY:
la
Ib
x
p
slabt
b
d
LL
DL
PL
Case(1-9)

60000 psi
3000 psi

150 pcf

6.00 feet
6.00 feet
3.00 feet
3.00 feet
8.00 inches

12.00 inches
5.50 inches

100.00 pst
100.00 psf
16000lbs

1

short direction
long direction
short direction for equipment pad
long direction for equipment pad

#9 bars + 2" cover
Standard Uve Load
Misc equipment
equipment load
see table section

I
I
I
I

MOMENT COEFFICIENTS:
m=lallb

Neg. Moment

DLMoment

LLMoment

W Ratio

Ca=
Cb=

Ca=
Cb=

Ca=
Cb=

Wa=
Wb=

1.000

0.0000
0.0000

0.0360
0.0360

0.0360
0.0360

0.5000
0.5000

MOMENT LIMITS:
Simple span with Point Load in the center
Fixed End with Point Load in the center

I
I
I
I

FACTORED LOADS:
Live Load
Dead Load

Total

Point Load

0.100 x 1.7 =
0.100 x1.4=
0.100 x1.4=

16.000 x1.4=

0.170 ksf
0.140 ksf
0.140 ksf

0.450 ksf

22.400 kips

M = 35.625 kip-ft
M = 18.150 kip-ft

wl"2/8 + PI/4
wl"2/12 + PI/4

I
I

DISTRIBUTION OF POINT LOADS:
Pa = P:lb/(Ia+lb)
Pb = P:la/(Ia+lb)

Pa/Pb = Iblla
11.200 kips
11.200 kips
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This solution uses the method described in chapter eight of the book:
DESIGN OF CONCRETE STRUCTURES Tenth Edition
by Arthur H. Nilson / George Winter
McGraw-Hili Book Company
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I
I
I
I
I
I
I
I
I
I
I

NEGATIVE MOMENTS:
Ma- = Ca:wllaA 2+P:lal4
Mb- = CblwllbA 2+P:lb/4

POSITIVE MOMENTS:
Ma+ = [CawlaA 2]dl+[CawlaA 2]II+Palal8
Mb+ = [CbwlbA 2]dl+[CbwlbA 2]II+Pblb/8

SHEAR AT CONTINUOS EDGE:
Va = .5Wa:w:la + xPalla
Vb = .5Wblwllb + pPbllb

DESIGN FOR NEGATIVE MOMENT - DIRECTION A:
Mu=Mn/.9
Rn =Mu/(obd"2)
p =.85fc/fy(1-(1-2Rn/.85fc)".5)
p min. = 200/fy
P used = max(p,p min.)
As = pbt

DESIGN FOR NEGATIVE MOMENT - DIRECTION B:
Mu=Mn/.9
Rn =Mu/(obd"2)
p = .85fclfy(1-(1-2Rn/.85fc)".5)
p min. = 200/fy
P used = max(p,p min.)
As = pbt

DESIGN FOR POSITIVE MOMENT - DIRECTION A:
Mu= Mn/.9
Rn =Mu/(obd"2)
p =.85fc/fy(1-(1-2Rn/.85fc)A.5)
p min. = 200/fy
P used =max(p,p min.)
As =pbt

DESIGN FOR POSITIVE MOMENT - DIRECTION B:

Mu =Mnl.9
Rn = Mu/(obd"2)
p =.85fc/fy(1-(1-2Rn/.85fc)A.5)
p min. = 200/fy
P used =max(p,p min.)
As =pbt

DESIGN OF SHEAR:
Vc = 2(fc)A.5:bd

Va
Vb

16.800 kip-ft
16.800 kip-ft

8.802 kip-ft
8.802 kip-ft

6.275 kif
6.275 kif

18.667 kip-ft
686

0.0136
0.0033
0.0136

1.306 inA2/ft

18.667 kip-ft
686

0.0136
0.0033
0.0136

1.306 in"2/ft

9.780 kip-ft
359.22
0.0065
0.0033
0.0065

0.622 inA2/ft

9.780 kip-ft
359.22
0.0065
0.0033
0.0065

0.622 inA2/ft

7.230 kIf
6.275 OK
6.275 OK
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DESIGN CASES:

Case 1

CaseS

Case 9

II

Case 2 Case 3

II II ~ ~

Case 6 Case 7

~

The double edge indicates that the slab continues across,
or is fixed at, the support; a single edge indicates
a support at which torsion resistance is negligible.
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(ble 8.3 - Coefficients for negative moments in slabs

Ma =Ca w 1"2 where w = total uniform dead plus live load

Mb = Cbw 1"2 -

I m=lallb

I
m \ Case> 1 2 3 4 5 6 7 8 9

1.00 Ca 0.000 0.045 0.000 0.050 0.075 0.071 0.000 0.033 0.061
Cb 0.000 0.045 0.076 0.050 0.000 0.000 0.071 0.061 0.033

I
0.95 Ca 0.000 0.050 0.000 0.055 0.079 0.075 0.000 0.038 0.065

Cb 0.000 0.041 0.072 0.045 0.000 0.000 0.067 0.056 0.029
0.90 Ca 0.000 0.055 0.000 0.060 0.080 0.079 0.000 0.043 0.068

Cb 0.000 0.037 0.070 0.040 0.000 0.000 0.062 0.052 0.025

I
0.85 Ca 0.000 0.060 0.000 0.066 0.082 0.083 0.000 0.049 0.072

Cb 0.000 0.031 0.065 0.034 0.000 0.000 0.057 0.046 0.021
0.80 Ca 0.000 0.065 0.000 0.071 0.083 0.086 0.000 0.055 0.075

Cb 0.000 0.027 0.061 0.029 0.000 0.000 0.051 0.041 0.017

I 0.75 Ca 0.000 0.069 0.000 0.076 0.085 0.088 0.000 0.061 0.078
Cb 0.000 0.022 0.056 0.024 0.000 0.000 0.044 0.036 0.014

0.70 Ca 0.000 0.074 0.000 0.081 0.086 0.091 0.000 0.068 0.081
Cb 0.000 0.017 0.050 0.019 0.000 0.000 0.038 0.029 0.011

I 0.65 Ca 0.000 0.077 0.000 0.085 0.087 0.093 0.000 0.074 0.083
Cb 0.000 0.014 0.043 0.015 0.000 0.000 0.031 0.024 0.008

0.60 Ca 0.000 0.081 0.000 0.089 0.088 0.095 0.000 0.080 0.085
Cb 0.000 0.010 0.035 0.011 0.000 0.000 0.024 0.018 0.006

I 0.55 Ca 0.000 0.084 0.000 0.092 0.089 0.096 0.000 0.085 0.086
Cb 0.000 0.007 0.028 0.008' 0.000 0.000 0.019 0.014 0.005

0.50 Ca 0.000 0.086 0.000 0.094 0.090 0.097 0.000 0.089 0.088
Cb 0.000 0.006 0.022 0.006 0.000 0.000 0.014 0.010 0.003

ITable 8,4 - Coefficients for dead load positive moments in slabs

I
Ma = Caw 1"2 where w = total uniform dead load

Mb =Cbw 1"2
m=la/lb

I m Case> 1 2 3 4 5 6 7 8 9
-

1.00 Ca 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023

Cb 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.020

I 0.95 Ca 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024
Cb 0.033 0.016 0.025 0.024 0.015 0.024 0.031 0.021 0.017

0.90 Ca 0.045 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026
Cb 0.029 0.014 0.024 0.022 0.013 0.021 0.028 0.019 0.015

I 0.85 Ca 0.050 0.024 0.029 0.036 0.031 0.042 0.040 0.029 0.028
Cb 0.026 0.012 0.022 0.019 0.011 0.017 0.025 0.017 0.013

0.80 Ca 0.056 0.026 0.034 0.039 0.032 0.045 0.045 0.032 0.029
Cb 0.023 0.011 0.020 0.013 0.009 0.015 0.022 0.015 0.010

I 0.75 Ca 0.061 0.028 0.040 0.043 0.033 0.048 0.051 0.036 0.031
Cb 0.019 0.009 0.018 0.013 0.007 0.012 0.020 0.013 0.007

0.70 Ca 0.068 0.030 0.046 0.046 0.035 0.051 0.058 0.040 0.033

Cb 0.016 0.007 0.016 0.011 0.005 0.009 0.017 0.011 0.006

I 0.65 Ca 0.074 0.032 0.054 0.050 0.036 0.054 0.065 0.044 0.034

Cb 0.013 0.006 0.014 0.009 0.004 0.007 0.014 0.009 0.005

0.60 Ca 0.081 0.034 0.062 0.053 0.037 0.056 0.073 0.048 0.036

I
Cb 0.010 0.004 0.011 0.007 0.003 0.006 0.012 0.007 0.004

0.55 Ca 0.088 0.035 0.071 0.056 0.038 0.058 0.081 0.052 0.037

Cb 0.008 0.003 0.009 0.005 0.002 0.004 0.009 0.005 0.003

0.50 Ca 0.095 0.037 0.080 0.059 0.039 0.061 0.089 0.056 0.038
- -- - ........ """ ..... 1""\ ,",I"\~ " "1"'1" " "not n nn~ 0.007 0.004 0.002
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lable 8.5 - Coefficients for live load positive moments in slabs
Ma = Ca w 1"2 where w = total uniform live load
Mb=Cbwl"2I m=lallb

I
I
I
I
I
I

m Case> 1 2 3 4 5 6 7 8 9

1.00 Ca 0.036 0.027 0.027 0.032 0.032 0.035 0.032 0.028 0.030
Cb 0.036 0.027 0.032 0.032 0.027 0.032 0.035' 0.030 0.028

0.95 Ca 0.040 0.030 0.031 0.035 0.034 0.038 0.036 0.031 0.032
Cb 0.033 0.025 0.029 0.029 0.024 0.029 0.032 0.027 0.025

0.90 Ca 0.045 0.034 0.035 0.039 0.037 0.042 0.040 0.035 0.036
Cb . 0.029 0.022 0.027 0.026 0.021 0.025 0.029 0.024 0.022

0.85 Ca 0.050 0.037 0.040 0.043 0.041 0.046 0.045 0.040 0.039
Cb 0.026 0.019 0.024 0.023 0.019 0.022 0.026 0.022 0.020

0.80 Ca 0.056 0.041 0.045 0.048 0.044 0.051 0.051 0.044 0.042
Cb 0.023 0.017 0.022 0.020 0.016 0.019 0.023 0.019 0.017

0.75 Ca 0.061 0.045 0.051 0.052 0.047 0.055 0.056 0.049 0.046
Cb 0.019 0.014 0.019 0.016 0.Q13 0.016 0.020 0.016 0.013

0.70 Ca 0.068 0.049 0.057 0.057 0.051 0.060 0.063 0.054 0.050
Cb 0.016 0.012 0.016 0.014 0.011 0.013 0.017 0.014 0.011

0.65 Ca 0.074 0.053 0.064 0.062 0.055 0.064 0.070 0.059 0.054
Cb 0.013 0.010 0.014 0.011 0.009 0.010 0.014 0.011 0.009

0.60 Ca 0,081 0.058 0.071 0.067 0.059 0.068 0.077 0.065 0.059
Cb 0.010 0.007 0.011 0.009 0.007 0.008 0.011 0.009 0.007

0.55 Ca 0.088· 0.062 0.080 0.072 0.063 0.073 0.085 0.070 0.063
Cb 0.008 0.006 0.009 0.007 0.005 0.006 0.009 0.007 0.006

0.50 Ca 0.095 0.066 0.088 0.077 0.067 0.078 0.092 0.076 0.067
Cb 0.006 0.004 0.007 0.005 0.004 0.005 0.007 0.005 0.004

m Case> 1 2 3 4 5 6 7 8 9

1.00 Wa 0.50 0.50 0.17 0.50 0.83 0.71 0.29 0.33 0.67
Wb 0.50 0.50 0.83 0.50 0.17 0.29 0.71 0.67 0.33

0.95 Wa 0.55 0.55 0.20 0.55 0.86 0.75 0.33 0.38 0.71
Wb 0.45 0.45 0.80 0.45 0.14 0.25 0.67 0.62 0.29

0.90 Wa 0.60 0.60 0.23 0.60 0.88 0.79 0.38 0.43 0.75
Wb 0.40 0.40 0.77 0.40 0.12 0.21 0.62 0.57 0.25

0.85 Wa 0.66 0.66 0.28 0.66 0.90 0.83 0.43 0.49 0.79
Wb 0.34 0.34 0.72 0.34 0.10 0.17 0.57 0.51 0.21

0.80 Wa 0.71 0.71 0.33 0.71 0.92 0.86 0.49 0.55 0.83
Wb 0.29 0.29 0.67 0.29 0.08 0.14 0.51 0.45 0.17

0.75 Wa 0.76 0.76 0.39 0.76 0.94 0.88 0.56 0.61 0.86
Wb 0.24 0.24 0.61 0.24 0.06 0.12 0.44 0.39 0.14

0.70 Wa 0.81 0.81 0.45 0.81 0.95 0.91 0.62 0.68 0.89

Wb 0.19 0.19 0.55 0.19 0.05 0.09 0.38 0.32 0.11

0.65 Wa 0.85 0.85 0.53 0.85 0.96 0.93 0.69 0.74 0.92

Wb 0.15 0.15 0.47 0.15 0.04 0.07 0.31 0.26 0.08

0.60 Wa 0.89 0.89 0.61 0.89 0.97 0.95 0.76 0.80 0.94

Wb 0.11 0.11 0.39 0.11 0.03 0.05 0.24 0.20 0.06

0.55 Wa 0.92 0.92 0.69 0.92 0.98 0.96 0.81 0.85 0.95

Wb 0.08 0.08 0.31 0.08 0.02 0.04 0.19 0.15 0.05

0.50 Wa 0.94 0.94 0.76 0.94 0.99 0.97 0.86 0.89 0.97

Wb 0.06 0.06 0.24 0.06 0.01 0.03 0.14 0.11 0.03

I

I
Table 8.6 - Ratio of load W in la and Ib directions for shear in slab and load on supports

I
I

I
I
I
I
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MATERIAL PROPERTIES:
fy
fc
concrete

60000 psi
3000 psi

150 pct

I
I
I
I

GEOMETRY:
la
Ib
x
p
slabt
b
d
LL
DL
PL
Case(1-9)

9.50 teet
11.71 feet

0.00 feet
0.00 feet

36.00 inches
12.00 inches
33.50 inches

100.00 psf
1600.00 psf

o Ibs
1

short direction
long direction
short direction for equipment pad
long direction for equipment pad

#9 bars + 2- cover
Standard Uve Load
Misc equipment
equipment load
see table section

I
I
I
I

MOMENT COEFFICIENTS:
m= la/lb

Neg. Moment

DLMo·ment

LLMoment

WRatio

Ca=
Cb=

Ca=
Cb=

Ca=
Cb=

Wa=
Wb=

0.811

0.0000
0.0000

0.0511
0.0254

0.0511
0.0254

0.6694
0.3306

I
I
I

FACTORED LOADS:
Live Load
Dead Load

Total

Point Load

0.100 x1.7=
1.600 x 1.4 =
0.450 x1.4=

0.000 x 1.4 =

0.170 ksf
2.240 ksf
0.630 ksf

3.040 ksf

0.000 kips

I
MOMENT LIMITS:

Simple span with Point Load in the center
Fixed End with Point Load in the center

M = 34.302 kip-ft
M = 22.868 kip-ft

wlJ\2/8 + PII4
wlJ\2/12 + PI/4

I
I

DISTRIBUTION OF POINT LOADS:
Pa = P:lb/(Ia+lb)
Pb = P:la/(Ia+lb)

Pa/Pb = Ib/la
0.000 kips
0.000 kips
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3.100 kip-ft
3.07

0.0001
0.0001
0.0001

0.029 in"2/ft

44.037 kif
9.668 OK
5.884 OK

0.000 kip-ft
o

0.0000
0.0000
0.0000

0.000 in"2/ft

4.103 kip-ft
4.06

0.0001
0.0001
0.0001

0.039 in"2/ft

9.668 kif

5.884 kif

3.692 kip-ft
2.790 kip-ft

0.000 kip-ft
o

0.0000
0.0000
0.0000

0.000 in"21ft

0.000 kip-ft
0.000 kip-ft

IJOb No.

DESIGN OF SHEAR:
Vc = 2(fc)".5lbd
Va
Vb

DESIGN FOR POSITIVE MOMENT - DIRECTION A:
Mu = Mn/.9
Rn = Mu/(-bd"2)
p =.85fc/fy(1-(1-2Rn/.85fc)".5)
p min. = 200/fy or 4~3 p
P used = max(p,p min.)
As = pbt

DESIGN FOR POSITIVE MOMENT - DIRECTION B:

Mu =Mn/.9
Rn =Mu/(-bd"2)
p = .85fc/fy(1-(1-2Rn/.85fc)".5)
p min. = 200/fy or 4/3 p
P used = max(p,p min.)
As = pbt

DESIGN FOR NEGATIVE MOMENT - DIRECTION B:

Mu=Mn/.9
Rn = Mu/(-bd"2)
p = .85fclfy(1-(1-2Rn/.85fc)".5)
p min. = 200/fy or 4/3 p
p used = max(p,p min.)
As =pbt

DESIGN FOR NEGATIVE MOMENT - DIRECTION A:
Mu=Mn/.9
Rn = Mu/(-bd"2)
p = .85fc/fy(1-(1-2Rn/.85fc)".5)
p min. = 200/fy or 4/3 p
P used = max(p,p min.)
As = pbt

SHEAR AT CONTINUOS EDGE:
Va = .5Wa:wlla + xPaila
Vb = .5Wblwllb + pPbllb

POSITIVE MOMENTS:
Ma+ = [Cawla"2]dl+[Cawla"2]II+Palal8
Mb+ = [Cbwlb"2]dl+[Cbwlb"2]II+Pblb/8

NEGATIVE MOMENTS:
Ma- = Calwlla"2+Pllal4
Mb- = Cb:wllb"2+P:lb/4
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The double edge indicates that the slab continues across,
or is fixed at, the support; a single edge indicates

a support at which torsion resistance is negligible.

Case 1

Case 9

CaseS
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lable 8.3 - Coefficients for negative moments in slabs .
Ma = Ca w 1"2 where w = total uniform dead plus live load

I
Mb =Cbw 1"2
m=lallb

m \ Case> 1 2 3 4 5 6 7 8 9

I 1.00 Ca 0.000 0.045 0.000 0.050 0.075 0.071 0.000 0.033 0.061
Cb 0.000 0.045 0.076 0.050 0.000 0.000 0.071 0.061 0.033

I
0.95 Ca 0.000 0.050 0.000 0.055 0.079 0.075 0.000 0.038 0.065

Cb 0.000 0.041 0.072 0.045 0.000 0.000 0.067 0.056 0.029
0.90 Ca 0.000 0.055 0.000 0.060 0.080 0.079 0.000 0.043 0.068

Cb 0.000 0.037 0.070 0.040 0.000 0.000 0.062 0.052 0.025

I
0.85 Ca 0.000 0.060 0.000 0.066 0.082 0.083 0.000 0.049 0.072

Cb 0.000 0.031 0.065 0.034 0.000 0.000 0.057 0.046 0.021
0.80 Ca 0.000 0.065 0.000 0.071 0.083 0.086 0.000 0.055 0.075

Cb 0.000 0.027 0.061 0.029 0.000 0.000 0.051 0.041 0.017

I
0.75 Ca 0.000 0.069 0.000 0.076 0.085 0.088 0.000 0.061 0.078

Cb 0.000 0.022 0.056 0.024 0.000 0.000 0.044 0.036 0.014
0.70 Ca 0.000 0.074 0.000 0.081 0.086 0.091 0.000 0.068 0.081

Cb 0.000 0.017 0.050 0.019 0.000 0.000 0.038 0.029 0.011

I
0.65 Ca 0.000 0.077 0.000 0.085 0.087 0.093 0.000 0.074 0.083

Cb 0.000 0.014 0.043 0.015 0.000 0.000 0.031 0.024 0.008
0.60 Ca 0.000 0.081 0.000 0.089 0.088 0.095 0.000 0.080 0.085

Cb 0.000 0.010 0.035 0.011 0.000 0.000 0.024 0.018 0.006

I
0.55 Ca 0.000 0.084 0.000 0.092 0.089 0.096 0.000 0.085 0.086

Cb 0.000 0.007 0.028 0.008 0.000 0.000 0.019 0.014 0.005
0.50 Ca 0.000 0.086 0.000 0.094 0.090 0.097 0.000 0.089 0.088

Cb 0.000 0.006 0.022 0.006 0.000 0.000 0.014 0.010 0.003

I Table 8.4 - Coefficients for dead load positive moments in slabs
Ma= Caw Ih 2 where w = total uniform dead load

I Mb = Cb w Ih 2
m= la/lb

I
m Case> 1 2 3 4 5 6 7 8 9

-
1.00 Ca 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023

Cb 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.020

I 0.95 Ca 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024
Cb 0.033 0.016 0.025 0.024 0.015 0.024 0.031 0.021 0.017

0.90 Ca 0.045 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026
Cb 0.029 0.014 0.024 0.022 0.013 0.021 0.028 0.019 0.015

I 0.85 Ca 0.050 0.024 0.029 0.036 0.031 0.042 0.040 0.029 0.028
Cb 0.026 0.012 0.022 0.019 0.011 0.017 0.025 0.017 0.013

0.80 Ca 0.056 0.026 0.034 0.039 0.032 0.045 0.045 0.032 0.029

Cb 0.023 0.011 0.020 0.013 0.009 0.015 0.022 0.015 0.010

I 0.75 Ca 0.061 0.028 0.040 0.043 0.033 0.048 0.051 0.036 0.031

Cb 0.019 0.009 0.018 0.013 0.007 0.012 0.020 0.013 0.007

0.70 Ca 0.068 0.030 0.046 0.046 0.035 0.051 0.058 0.040 0.033

Cb 0.016 0.007 0.016 0.011 0.005 0.009 0.017 0.011 0.006

I 0.65 Ca 0.074 0.032 0.054 0.050 0.036 0.054 0.065 0.044 0.034

Cb 0.013 0.006 0.014 0.009 0.004 0.007 0.014 0.009 0.005

0.60 Ca 0.081 0.034 0.062 0.053 0.037 0.056 0.073 0.048 0.036

Cb 0.010 0.004 0.011 0.007 0.003 0.006 0.012 0.007 0.004

I 0.55 Ca 0.088 0.035 0.071 0.056 0.038 0.058 0.081 0.052 0.037

Cb 0.008 0.003 0.009 0.005 0.002 0.004 0.009 0.005 0.003

0.50 Ca 0.095 0.037 0.080 0.059 0.039 0.061 0.089 0.056 0.038
- - - ..... ,... -,.. .... ,....,....- ... ........ 4' f"'\ f"\1"'\ ....

f'\ 1""\"" n nn7 0.004 0.002



m Case> 1 2 3 4 5 6 7 8 9

1.00 Ca 0.036 0.027 0.027 0.032 0.032 0.035 0.032 0.028 0.030
Cb 0.036 0.027 0.032 0.032 0.027 0.032 0.035 0.030 0.028

0.95 Ca 0.040 0.030 0.031 0.035 0.034 0.038 0.036 0.031 0.032
Cb 0.033 0.025 0.029 0.029 0.024 0.029 0.032 0.027 0.025

0.90 Ca 0.045 0.034 0.035 0.039 0.037 0.042 0.040 0.035 0.036
Cb 0.029 0.022 0.027 0.026 0.021 0.025 0.029 0.024 0.022

0.85 Ca 0.050 0.037 0.040 0.043 0.041 0.046 0.045 0.040 0.039
Cb 0.026 0.019 0.024 0.023 0.019 0.022 0.026 0.022 0.020

0.80 Ca 0.056 0.041 0.045 0.048 0.044 0.051 0.051 0.044 0.042
Cb 0.023 0.017 0.022 0.020 0.016 0.019 0.023 0.019 0.01J

0.75 Ca 0.061 0.045 0.051 0.052 0.047 0.055 0.056 0.049 0.046
Cb 0.019 0.014 0.019 0.016 0.013 0.016 0.020 0.016 0.013

0.70 Ca 0.068 0.049 0.057 0.057 0.051 0.060 0.063 0.054 0.050
Cb 0.016 0.012 0.016 0.014 0.011 0.013 0.017 0.014 0.011

0.65 Ca 0.074 0.053 0.064 0.062 0.055 0.064 0.070 0.059 0.054
Cb 0.013 0.010 0.014 0.011 0.009 0.010 0.014 0.011 0.009

0.60 Ca 0.081 0.058 0.071 0.067 0.059 0.068 0.077 0.065 0.059
Cb 0.010 0.007 0.011 0.009 0.007 0.008 0.011 0.009 0.007

0.55 Ca 0.088 0.062 0.080 0.072 0.063 0.073 0.085 0.070 0.063
Cb 0.008 0.006 0.009 0.007 0.005 0.006 0.009 0.007 0.006

0.50 Ca 0.095 0.066 0.088 0.077 0.067 0.078 0.09:2 0.076 0.067
Cb 0.006 0.004 0.007 0.005 0.004 0.005 0.007 0.005 0.004
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Ma = Ca w 1"2 where w = total uniform live load
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Table 8.6 - Ratio of load W in la and Ib directions for shear in slab and load on supports

I
I
I
I
I
I
I

m Case> 1 2 3 4 5 6 7 8 9

1.00 Wa 0.50 0.50 0.17 0.50 0.83 0.71 0.29 0.33 0.67
Wb 0.50 0.50 0.83 0.50 0.17 0.29 0.71 0.67 0.33

0.95 Wa 0.55 0.55 0.20 0.55 0.86 0.75 0.33 0.38 0.71
Wb 0.45 0.45 0.80 0.45 0.14 0.25 0.67 0.62 0.29

0.90 Wa 0.60 0.60 0.23 0.60 0.88 0.79 0.38 0.43 0.75

Wb 0.40 0.40 0.77 0.40 0.12 0.21 0.62 0.57 0.25

0.85 Wa 0.66 0.66 0.28 0.66 0.90 0.83 0.43 0.49 0.79

Wb 0.34 0.34 0.72 0.34 0.10 0.17 0.57 0.51 0.21

0.80 Wa 0.71 0.71 0.33 0.71 0.92 0.86 0.49 0.55 0.83

Wb 0.29 0.29 0.67 0.29 0.08 0.14 0.51 0.45 0.17

0.75 Wa 0.76 0.76 0.39 0.76 0.94 0.88 0.56 0.61 0.86

Wb 0.24 0.24 0.61 0.24 0.06 0.12 0.44 0.39 0.14

0.70 Wa 0.81 0.81 0.45 0.81 0.95 0.91 0.62 0.68 0.89

Wb 0.19 0.19 0.55 0.19 0.05 0.09 0.38 0.32 0.11

0.65 Wa 0.85 0.85 0.53 0.85 0.96 0.93 0.69 0.74 0.92

Wb 0.15 0.15 0.47 0.15 0.04 0.07 0.31 0.26 0.08

0.60 Wa 0.89 0.89 0.61 0.89 0.97 0.95 0.76 0.80 0.94

Wb 0.11 0.11 0.39 0.11 0.03 0.05 0.24 0.20 0.06

0.55 Wa 0.92 0.92 0.69 0.92 0.98 0.96 0.81 0.85 0.95

Wb 0.08 0.08 0.31 0.08 0.02 0.04 0.19 0.15 0.05

0.50 Wa 0.94 0.94 0.76 0.94 0.99 0.97 0.86 0.89 0.97

Wb 0.06 0.06 0.24 0.06 0.01 0.03 0.14 0.11 0.03
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MATERIAL PROPERTIES:
fy
fc
concrete

IJOb No.

60000 psi
3000 psi
150 pcf

Icomputed BKV

IChecked

ISheet

~O.

IDate

IDate

5

2123/98

I
I
I
I

GEOMETRY:
la
Ib
x
p
slabt
b
d
LL
DL
PL
Case(1-9)

3.63 feet
5.33 feet
1.81 feet
2.67 feet
8.00 inches

12.00 inches
5.50 inches

100.00 pst
100.00 pst
16000lbs

1

short direction
long direction
short direction for equipment pad

long direction for equipment pad

#9 bars + 2" cover

Standard Uve Load
Misc equipment
equipment load
see table section

MOMENT LIMITS:
Simple span with Point Load in the center
Fixed End with Point Load in the center

16.000 x1.4=

0.100 x 1.7=
0.100 x1.4=
0.100 x 1.4 =

I
I
I
I
I
I
I
I

MOMENT COEFFICIENTS:
m=laJlb

Neg. Moment

DLMoment

LLMoment

W Ratio

FACTORED LOADS:
Live Load
Dead Load

Total

Point Load

Ca=
Cb=

Ca=
Cb=

Ca=
Cb=

Wa=
Wb=

0.680

0.0000
0.0000

0.0699
0.0150

0.0699
0.0150

0.8228
0.1772

0.170 ksf
0.140 ksf
0.140 ksf

0.450 ksf

22.400 kips

M = 21.039 kip-ft
M = 10.643 kip-ft

wl"2/8 + PII4
wl"2/12 + PI/4

I
I

DISTRIBUTION OF POINT LOADS:
Pa =P:lb/(la+lb)
Pb = P:la/(la+lb)

Pa/Pb =Ib/la
13.335 kips

9.065 kips



This solution uses the method described in chapter eight ofthe book:
DESIGN OF CONCRETE STRUCTURES Tenth Edition
by Arthur H. Nilson I George Winter
McGraw-Hili Book Company

5IOf

lil~
IDate 2123/98

IDate
2

BKVICOmputed

IChecked

ISheet

7.031 kip-ft
258.24
0.0045
0.0033
0.0045

0.437 inA2/ft

7.339 kif
4.745 kif

6.327 kip-ft
6.175 kip-ft

6.861 kip-ft
252.02
0.0044
0.0033
0.0044

0.425 inA21ft

7.230 kif
7.339 NO GOOD
4.745 OK

13.428 kip-ft
493

0.0092
0.0033
0.0092

0.885 inA2/ft

13.428 kip-ft
493

0.0092
0.0033
0.0092

0.885 inA21ft

12.085 kip-ft
12.085 kip-ft

IJOb No.

DESIGN FOR POSITIVE MOMENT - DIRECTION B:
Mu = Mn/.9
Rn = Mu/(obdA2)
p = .85fclfy(1-(1-2Rn/.85fc)A.5)
p min. =200/fy
P used =max(p,p min.)
As = pbt

SHEAR AT CONTINUOS EDGE:
Va = .5Wa:W:la + xPaila
Vb = .5Wb:w:lb + pPb/lb

DESIGN OF SHEAR:
Vc = 2(fc)A.5:bd
Va
Vb

DESIGN FOR NEGATIVE MOMENT - DIRECTION B:
Mu=Mn/.9
Rn =Mu/(obdA2)
p = .85fc/fy(1-(1-2Rn/.85fc)A.5)
p min. = 200/fy
P used = max(p,p min.)
As = pbt

DESIGN FOR POSITIVE MOMENT - DIRECTION A:
Mu= Mn/.9
Rn =Mu/(obdA2)
p = .85fc/fy(1-(1-2Rn/.85fc)A.5)
p min. =200/fy
P used = max(p,p min.)
As = pbt

DESIGN FOR NEGATIVE MOMENT - DIRECTION A:
Mu=Mn/.9
Rn = MuI(-bdA 2)
P = .85fclfy(1-(1-2Rn/.85fc)A.5)
p min. = 2001fy
P used = max(p,p min.)
As =pbt

POSITIVE MOMENTS:
Ma+ = [CawlaA2]dl+[CawlaA2]II+Palal8
Mb+ = [CbwlbA2]dl+[CbwlbA2]II+Pblb/8

NEGATIVE MOMENTS:
Ma- = Ca:w:laA2+P:la/4
Mb- = Cb:w:lbA2+P:lb/4

Roof Design

Detail 3B Top
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DESIGN CASES:

Case 1

CaseS

Case 9

II

Case 2 Case 3

II II ~ ~

Case 6 Case 7

~

The double edge indicates that the slab continues across,
or is fixed at, the support; a single edge indicates
a support at which torsion resistance is negligible.
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Ible 8.3 - Coefficients for negative moments in slabs
Ma = Ca w 11\2 where w = total uniform dead plus Jive load
Mb=Cbwl1\2

I m=la/lb

m \ Case> 1 2 3 4 5 6 7 8 9

I 1.00 Ca 0.000 0.045 0.000 0.050 0.075 0.071 0.000 0.033 0.061
Cb 0.000 0.045 0.076 0.050 0.000 0.000 0.071 0.061 0.033

0.95 Ca 0.000 0.050 0.000 0.055 0.079 0.075 0.000 0.038 0.065

I Cb 0.000 0.041 0.072 0.045 0.000 0.000 0.067 0.056 0.029
0.90 Ca 0.000 0.055 0.000 0.060 0.080 0.079 0.000 0.043 0.068

Cb 0.000 0.037 0.070 0.040 0.000 0.000 0.062 0.052 0.025
0.85 Ca 0.000 0.060 0.000 0.066 0.082 0.083 0.000 0.049 0.072

I Cb 0.000 0.031 0.065 0.034 0.000 0.000 0.057 0.046 0.021
0.80 Ca 0.000 0.065 0.000 0.071 0.083 0.086 0.000 0.055 0.075

Cb 0.000 0.027 0.061 0.029 0.000 0.000 0.051 0.041 0.017
0.75 Ca 0.000 0.069 0.000 0.076 0.085 0.088 0.000 0.061 0.078

I Cb 0.000 0.022 0.056 0.024 0.000 0.000 0.044 0.036 0.014
0.70 Ca 0.000 0.074 0.000 0.081 0.086 0.091 0.000 0.068 0.081

Cb 0.000 0.017 0.050 0.019 0.000 0.000 0.038 0.029 0.011
0.65 Ca 0.000 0.077 0.000 0.085 0.087 0.093 0.000 0.074 0.083

I Cb 0.000 0.014 0.043 0.015 0.000 0.000 0.031 0.024 0.008
0.60 Ca 0.000 0.081 0.000 0.089 0.088 0.095 0.000 0.080 0.085

Cb 0.000 0.010 0.035 0.011 0.000 0.000 0.024 0.018 0.006
0.55 Ca 0.000 0.084 0.000 0.092 0.089 0.096 0.000 0.085 0.086

I Cb 0.000 0.007 0.028 0.008 0.000 0.000 0.019 0.014 0.005
0.50 Ca 0.000 0.086 0.000 0.094 0.090 0.097 0.000 0.089 0.088

Cb 0.000 0.006 0.022 0.006 0.000 0.000 0.014 0.010 0.003

lable 8.4 - Coefficients for dead load positive moments in slabs
Ma=Caw 11\2 where w = total uniform dead load

I
Mb=Cbw 11\2
m = lallb

m Case> 1 2 3 4 5 6 7 8 9

I -
1.00 Ca 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023

Cb 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.020

0.95 Ca 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024

I Cb 0.033 0.016 0.025 0.024 0.015 0.024 0.031 0.021 0.017

0.90 Ca 0.045 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026

Cb 0.029 0.014 0.024 0.022 0.013 0.021 0.028 0.019 0.015

0.85 Ca 0.050 0.024 0.029 0.036 0.031 0.042 0.040 0.029 0.028

I Cb 0.026 0.012 0.022 0.019 0.011 0.017 0.025 0.017 0.013

0.80 Ca 0.056 0.026 0.034 0.039 0.032 0.045 0.045 0.032 0.029

Cb 0.023 0.011 0.020 0.013 0.009 0.015 0.022 0.015 0.010

0.75 Ca 0.061 0.028 0.040 0.043 0.033 0.048 0.051 0.036 0.031

I Cb 0.019 0.009 0.018 0.013 0.007 0.012 0.020 0.013 0.007

0.70 Ca 0.068 0.030 0.046 0.046 0.035 0.051 0.058 0.040 0.033

Cb 0.016 0.007 0.016 0.011 0.005 0.009 0.017 0.011 0.006

I
0.65 Ca 0.074 0.032 0.054 0.050 0.036 0.054 0.065 0.044 0.034

Cb 0.013 0.006 0.014 0.009 0.004 0.007 0.014 0.009 0.005

0.60 Ca 0.081 0.034 0.062 0.053 0.037 0.056 0.073 0.048 0.036

Cb 0.010 0.004 0.011 0.007 0.003 0.006 0.012 0.007 0.004

I
0.55 Ca 0.088 0.035 0.071 0.056 0.038 0.058 0.081 0.052 0.037

Cb 0.008 0.003 0.009 0.005 0.002 0.004 0.009 0.005 0.003

0.50 Ca 0.095 0.037 0.080 0.059 0.039 0.061 0.089 0.056 0.038
Cb 0.006 0.002 0.007 0.004 0.001 0.003 0.007 0.004 0.002

.
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ble 8.S - Coefficients for live load positive moments in slabs
Ma = Ca w IA 2 where w = total uniform live load
Mb=Cbw1A 2
m= lallbI

I
I
I
I
I
I
I

m Case> 1 2 3 4 5 6 7 8 9

1.00 Ca 0.036 0.027 0.027 0.032 0.032 0.035 0.032 0.028 0.030
Cb 0.036 0.027 0.032 0.032 0.027 0.032 0.035 0.030 0.028

0.95 Ca 0.040 0.030 0.031 0.035 0.034 0.038 0.036 0.031 0.032
Cb 0.033 0.025 0.029 0.029

-
0.024 0.029 0.032 0.027 0.025

0.90 Ca 0.045 0.034 0.035 0.039 0.037 0.042 0.040 0.035 0.Q.36
Cb 0.029 0.022 0.027 0.026 0.021 0.025 0.029 0.024 0.022

0.85 Ca 0.050 0.037 0.040 0.043 0.041 0.046 0.045 0.040 0.039
Cb 0.026 0.019 0.024 0.023 0.019 0.022 0.026 0.022 0.020

0.80 Ca 0.056 0.041 0.045 0.048 0.044 0.051 0.051 0.044 0.042
Cb 0.023 0.017 0.022 0.020 0.016 0.019 0.023 0.019 0.017

0.75 Ca 0.061 0.045 0.051 0.052 0.047 0.055 0.056 0.049 0.046
Cb 0.019 0.014 0.019 0.016 0.013 0.016 0.020 0.016 0.013

0.70 Ca 0.068 0.049 0.057 0.057 0.051 0.060 0.063 0.054 0.050
Cb 0.016 0.012 0.016 0.014 0.011 0.013 0.017 0.014 0.011

0.65 Ca 0.074 0.053 0.064 0.062 0.055 0.064 0.070 0.059 0.054
Cb 0.013 0.010 0.014 0.011 0.009 0.010 0.014 0.011 0.009

0.60 Ca 0.081 0.058 0.071 0.067 0.059 0.068 0.077 0.065 0.059
Cb 0.010 0.007 0.011 0.009 0.007 0.008 0.011 0.009 0.007

0.55 Ca 0.088 0.062 9.080 0.072 0.063 0.073 0.085 0.070 0.063
Cb 0.008 0.006 0.009 0.007 0.005 0.006 0.009 0.007 0.006

0.50 Ca 0.095 0.066 0.088 0.077 0.067 0.078 0.092 0.076 0.067
Cb 0.006 0.004 0.007 0.005 0.004 0.005 0.007 0.005 0.004

Table 8.6 - Ratio of load W in la and Ib directions for shear in slab and load on supports

I
I
I
I
I
I
I

m Case> 1 2 3 4 5 6 7 8 9

1.00 Wa 0.50 0.50 0.17 0.50 0.83 0.71 0.29 0.33 0.67
Wb 0.50 0.50 0.83 0.50 0.17 0.29 0.71 0.67 0.33

0.95 Wa 0.55 0.55 0.20 0.55 0.86 0.75 0.33 0.38 0.71

Wb 0.45 0.45 0.80 0.45 0.14 0.25 0.67 0.62 0.29

0.90 Wa 0.60 0.60 0.23 0.60 0.88 0.79 0.38 0.43 0.75

Wb 0.40 0.40 0.77 0.40 0.12 0.21 0.62 0.57 0.25

0.85 Wa 0.66 0.66 0.28 0.66 0.90 0.83 0.43 0.49 0.79
Wb 0.34 0.34 0.72 0.34 0.10 0.17 0.57 0.51 0.21

0.80 Wa 0.71 0.71 0.33 0.71 0.92 0.86 0.49 0.55 0.83
Wb 0.29 0.29 0.67 0.29 0.08 0.14 0.51 0.45 0.17

0.75 Wa 0.76 0.76 0.39 0.76 0.94 0.88 0.56 0.61 0.86

Wb 0.24 0.24 0.61 0.24 0.06 0.12 0.44 0.39 0.14

0.70 Wa 0.81 0.81 0.45 0.81 0.95 0.91 0.62 0.68 0.89

Wb 0.19 0.19 0.55 0.19 0.05 0.09 0.38 0.32 0.11

0.65 Wa 0.85 0.85 0.53 0.85 0.96 0.93 0.69 0.74 0.92

Wb 0.15 0.15 0.47 0.15 0.04 0.07 0.31 0.26 0.08

0.60 Wa 0.89 0.89 0.61 0.89 0.97 0.95 0.76 0.80 0.94

Wb 0.11 0.11 0.39 0.11 0.03 0.05 0.24 0.20 0.06

0.55 Wa 0.92 0.92 0.69 0.92 0.98 0.96 0.81 0.85 0.95

Wb 0.08 0.08 0.31 0.08 0.02 0.04 0.19 0.15 .0.05

0.50 Wa 0.94 0.94 0.76 0.94 0.99 0.97 0.86 0.89 0.97

Wb 0.06 0.06 0.24 0.06 0.01 0.03 0.14 0.11 0.03
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Section 16.2 Design Principles

Chapter 8 - Concrete Structures and Foundations

Page 1
AREA Manual for Railway Engineering

16.2.3 Design Loads (1984)
a. The following loads shall be used in the design of box culverts

supporting track:

(1) Dead load.

(2) Live load.

(3) Impact.
b. The uniformly distributed loads per square foot to the top of the box

for various depths offill are shown onFigl]re J6-1.

16.2.2 Assumptions _(1984)
The design shall- be based on the slabs and walls acting as a continuous
frame with the positive and negative bending moments determined by an

acceptable method of analysis.

Specifications for Design of Reinforced Concrete Members as prescribed in
Part 2, Reinforced Concrete Des;gq shall govern except as described herein.

16.2.1 General (1984)
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DiSTANCE H - BASE OF RAIL TO TOP OF BOX. FEET

Chapter 8 - Concrete Structures and Foundations
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Chapter 8 - Concrete Structures and Foundations

16.2.4 Dead Load (1984)
a. The dead load shall consist of the estimated weight of the track, fill

and top slab of the structure distributed to the culvert as shown on
Figure 16-2.

b. The minimum lateral pressure on the sides of the box shall be based
on an assumed earth pressure coefficient of 0.4 and the maximum
lateral pressure 'shall be based on an assumed earth pressure
coefficient of 1.0. A lower minimum coefficient shall be used if actual
conditions justify. The lateral pressures shown on each side of the box ./
shall be assumed uniformly distributed over the entire height, equal
and opposite in direction. The design equations shown :inFigure 16-2
assume that the lateral pressures are uniformly distributed over the
entire height. If a more exact distribution is to be used, a more
rigorous analysis is required.
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I Chapter 8 - Concrete Structures and Foundations

Figure 16-2. Distribution of Loads and Design Equations
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LENGTH 01' 8AIlR£L· t.

SASE OF RAIL

,.
o...

_-H-+4~::;l,-_l."'-

A

NOMENClATURE & DESIGN CONSTANTS

Uve Load == E80
Loads on Top Slab:

W == Wu.(1.0 + 11100)'" WOL Urilonn Load
80000 per Sq. Ft.

Wu.=-5x'-d

WOL==WeHT~+WS

I (Impact) From 40""" at H • 0.0 Ft.
To 0""" at H =: 10 Ft.

Loads on Walls:
Pe =: k"WeH' • Unifonn Load per Sq. Ft

p "," W (H' + 80000) =: Uni!onn Load
" "S e SN84 per Sq. Fl

I"= Moment of Inertia of Siab-Gross Sect.
• I

w
== Moment of Inertia of Wall-Gross Sect.

S=.1 R=~ K",§..
Iw h' R

M" == Maximum Negative Moment at Corner.
M

a
= MaxImum positive Moment in Slab.

Me = MaxImum Neg. Mom. at center Wall.
V" = Vertlcal Shear at Face of Wall.
V

c
'"' Vertical Shear at Face of Center Wall.

We =Weight orEaM =120 lb. per cu. ft,
W

s
'" Weight of Slab per sq. ft.

ASSUME Me I<e =0.4 Min.• 1.0 Max.

SAME FOA ks =: 0.4
M... MAX & 4 =Lateral Uve Load Distribution in feet.

M"MIN

DOUBLE BOX

~a 1 C ~'8

"·Ii • n

AOl 'AO

A 1> .~~51. as 80 \It Ll.S

A. It
SINGLE BOX

A
"II

"..
l ... .,..

I
kEQUIV. FRAME AT t.

VA =:'!!Y1 (~+3K)_~ ( K _\_USE/.IAXVALUE
4 1+2K 4b 1+2i<J OF P.ORp,

V
e

= Wb (~)_Pe~(--'L)_USEMINVALuE
4 1+2K 4b 1+2K OFP.

DESIGN EQUATIONS FOR DOUBLE BOX:

MAX M" =Wb2 ( L\...~ ( K_\-USE MAX VALUE
12 1+2KI 6 1+2K1 OFF.ORP.

MIN M
A

== WrJ2 ( L\+~(~)_USE"'JNVAUJE
12 1+2Ki' 6 \:1+2K _ OFP.

MAX M _ WrJ2 (1-t3K) P ~ ~ K )c _ _ _ _ -~ -- _USE MIN VALue

1~ 1+21< 12 1+2K OF p.

MAX Me =: (FROM MOMENT CURVE}

DESIGN EQUATIONS FOR SINGLE BOX:

MAX Me = 'fit? (!§!S) -f'~(~)-USE MIN VALUE
24 1+K 12 1+K OFP.

MAXM"", WcfZ (_l_\+~(L)_US£MJ\XVALUE
12 1+K1 12 1+K OFp.ORP.

VA=~
2
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16.2.7 Other Forces (1984)

16.2.5 Live Load (1984)

16.2.6 Impact (1984)

Chapter 8 - Concrete Structures and Foundations

Page 5AREA Manual for Railway Engineering

a. Impact forces shall be added to the live load as specified iriFigure 16-2
. They shall be distributed the same as the live load.

b. No impact shall be added to the lateral forces on the sides of box.

a. The recommended live load for each track is Cooper E 80. The
distribution of the live load to the culvert shall be in accordance with
Figure 16-2.

b. No inere_ase in load shall be used for multiple track loadings. The live
load will be assumed to increase the lateral pressure on the sides of
the box due to a surcharge load in accordance withEigllre 16-2. The.
lateral pressure from such surcharge load shall be calculated; using
an assumed earth pressure coefficient of 0.4, or lower if actual
conditions justify.

In general, centrifugal forces, wind force and longitudinal forces resulting
from starting and stopping of trains need not be considered.
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-------------------
QUANTITIES:

Reinforced Concrete Box

Channel Transition
Retaining Wall 0+016.500 to 0+036.500
Retaining Wall 1+042.181 to 1+062.261
Retaining Wall 2+014.675 to 2+034.768
Retaining Wall 2+802.422 to 2+822.742

Gate Structure 101
Gate Structure 102
Gate Structure 103
Gate Structure 104

365

303
355
253
256

110

140
141
141
142

96

66
72
61
62

6
6
6
27

12180

5420
5622
5284
5344

267
295
295
921



t;;:--e-----
Computation

Ilject SANTAN

Basin Piping Headwalls wI Trashrack #1 ,2,4

Quantities (Reinforcement

IJOb No.

IComputed JKE

IChecked

ISheet

IDate 2120/98

IDate

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

LOCATION

Left Side Wall
Right Side Wall
Back Wall
Partial bars
Bottom
Front Wall

Left Side Wall
Comer bars
Right Side Wall
Comer bars
Back Wall
Partial bars

Diagonal
Bottom
Front Wall

Longitudinal
Size Length Num. Linear Weight TOTAL

English Bar Meters Meters kglm kg
4 1.74 9 16 0.994 15.53
4 1.74 9 16 0.994 15.53
4 1.74 8 14 0.994 13.80
4 1.09 2 2 0.994 2.16
4 1.30 5 7 0.994 6.47
4 0.51 6 3 0.994 3.03
4

Transverse
4 2.23 7 16 0.994 15.49
4 0.91 14 13 0.994 12.72
4 2.23 7 16 0.994 15.49
4 0.91 14 13 0.994 12.72
4 1.32 8 11 0.994 10.50
4 1.10 2 2 0.994 2.18
4 0.60 1 1 0.994 0.59
4 0.90 8 7 0.994 7.16
4 1.12 6 7 0.994 6.66
4 1.30 3 4 0.994 3.88

143.93
\ '-I , '.>"':.

I ']'1>. L\ l.D \1., /- :::')

{GO \'--cr
J
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IFile IJOb No. INo.

Computation

lprojec SANTAN IComputed JKE IDate 2/20/98

ISubjec Basin Piping Headwalls wI Trashrack #3 IChecked IDate

!Task Quantities (Reinforcement) ISheet IOf

Longitudinal
LOCATION Size Length Num. Linear Weight TOTAL

English Bar Meters Meters kg/m kg

Left Side Wall 4 2.03 9 18 0.994 18.15

Right Side Wall 4 2.03 9 18 0.994 18.15

Back Wall 4 2.03 8 16 0.994 - 16.13

partial bars 4 0.53 1 1 0.994 0.53

4 0.67 2 1 0.994 1.33

4 1.24 2 2 0.994 2.47

Bottom 4 2.34 5 12 0.994 11.61

Front Wall 4 0.72 9 6 0.994 6.40

Transverse
Left Side Wall 4 2.23 8 18 0.994 17.70

Comer bars 4 0.91 16 15 0.994 14.47

Right Side Wall 4 2.23 8 18 0.994 17.70

Corner bars 4 0.91 16 15 0.994 14.54

Back Wall 4 2.34 8 19 0.994 18.58

Corner bars 4 1.18 2 2 0.994 2.35

4 0.88 2 2 0.994 1.74

Diagonal 4 1.60 8 13 0.994 12.72

Bottom 4 1.12 9 10 0.994 9.99

Front Wall 4 3.39 4 14 0.994 13.46

198.01

1'-\. '5~



I
IJob No. 0172-160-044 INo.

Computation
I IProject SANTAN OUTFALL CHANNEL Icomputed JKE IDate 1/27/98

I
ISUbject Basin Piping IChecked;z2.:iJ' IDate /P71t8'
\Task

ISheet IOf
J I

Excavation and Backfill 1 2

I Assumptions: Excavation= «(Gound1-(lnv1-Wall-Bed»+(Ground 2-(lnv2-Wall-Bed»/2)

I
MAG SPEC 601 * Width * Length

Vertical Trench
Granular Bedding to Springline Backfill = «(Gound1-(lnv1 +Size/2»+(Ground 2-(lnv2+Size/2)))/2)

I
150 mm of Bedding Under Pipe *Width*Length-«PI*(OD/2)"2)/2)

610mm pipe 76mm Wall Thickness
1370mm pipe 248mm Wall Thickness

I Station Size Ground Elev Invert- Width of Trench Length Excavation Backfill

0+015.0 15.5 LT to 610 348 346.75 1245 16.0 83.02 72.21

I
0+015.0 Om Rt 353.3 346.67

0+015.0 Om Rt to 610 353.2 346.67 1245 50.0 431.21 397.67

I
0+65.0 Om Rt 353.3 346.44

0+65.0 Om Rt to 610 353.3 346.44 1245 50.0 452.03 418.5

, " 0+115.0 Om Rt 353.4 346.2

1.1
0+115.0 Om Rtto 610 353.4 346.2 1245 50.0 472.76 439.23

0+165.0 Om Rt 353.5 345.97

I 0+165.0 Om Rt to 610 353.5 345.97 1245 50.0 495.04 461.51

0+215.0 Om Rt 353.65 345.74

I 0+215.0 Om Rt to 610 353.65 345.74 1245 50.0 527.41 493.88

0+265.0 Om Rt 353.8 345.23

I 0+265.0 Om Rt to 610 353.8 345.23 1245 50.0 552.81 519.28

0+315.0 Om Rt 354 345.27

I 0+315.0 Om Rtto 610 354 345.27 1245 50.0 565.14 531.60

0+365.0 Om Rt 354 345.03

I 0+365.0 Om Rt to ' 610 354 345.03 1245 50.0 579.77 546.23

0+415.0 Om Rt 354 344.80

I 0+415.0 Om Rtto 610 354 344.80 1245 50.0 594.24 560.71

0+465.0 Om Lt 354 344.57

I
0+465.0 15.5m Lt to 610 348 346.75 1245 16.0 111 100.12

0+465.0 Om Rt 354 344.57

I")

I



IJob No. U I i L- I QU-U4-"l- INo.

I computation
1 'project SANTAN OUTFALL CHANNEL

lcomputed JKE IDate 1/27/98

I
\SUbject Basin Piping

IChecked -MS IDate ~/z7,/fr

ITask Excavation, Bedding and Backfill \Sheet 2 IOf 2

1 Station Size Ground Elev Invert Width of Trench Length Excavation Backfill

0+465.0 Om Rt to 610 354 344.57 1245 36.0 246.31 222.1

I 0+465.0 35.9m Rt 345.5 344.4

0+437.1 36.7 m Rt to 1370 345.5 343.78 2800 50.0 897.96 745.27

I 0+403.6 3m Rt 353.8 343.49

0+403.6 3m Rt to 1370 353.8 343.49 2800 50.0 1521.7 1369

1 0+353.6 3m Rt 353.83 343.20

0+353.6 3m Rt to 1370 353.83 343.20 2800 50.0 1566.5 1413.8

I
0+303.6 3m Rt 353.86 342.91

0+303.6 3m Rt to 1370 353.86 342.91 2800 50.0 1611.2 1458.5

I
0+253.6 3m Rt 353.89 342.62

0+253.6 3m Rt to 1370 353.89 342.62 2800 30.0 988.3 896.26

,. ,0+223.6 3m Rt 353.92 342.46

1- }0+223.6 3m Rt to 1370 353.92 342.46 2800 50.0 1683.9 1531.2

0+173.6 3m Rt 353.95 342.16

I 0+173.6 3m Rt to 1370 353.95 342.16 2800 50.0 1730.9 1578.2

0+123.6 3m Rt 354 341.86

I 0+123.6 3m Rtto 1370 354 341.86 2800 8 275.68 250.35

0+123.6 10.6m Rt 354 341.82

I 0+240.0 33.4m Lt to 610 354 347.04 1245 21 103.55 89.33

0+219.3 33.4 m Lt 347.5 347.00

I 0+240.0 33.4m Lt to 610 354 347.04 1245 21 103.55 89.33

0+260.8 33.4m Lt 347.5 347.00

I 0+240.0 27.5m Rt to 610 348 347.15 1245 61 313.96 273.10

0+240.0 33.4m Lt 354 347.04

I
1
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Review

PRELIMINARY

95%
NOT FOR

CONSTRUCTION
OR RECORDING

_OF_600-7-502

U P-MIP AREA = 140.2.614 M2.
MJ SANTANAREA = 135.4813 M2.
NJ SHARED AREA =61.6039 M2.
NET TOTAL AREA (L+MJ-N = 2.14.1388 M2.
NET P-MIP AREA (L-N) =78.6515 M2.
NET SANTAN AREA (M-NJ =73.8774 M2.

P) P-MIP AREA = 63.05a1 M2.
OJ SANTAN AREA = 93.9349 M2.
R) SHARED AREA = 5.4512. M2.
NET TOTAL AREA (p+aJ-R = 151.5344 M2.
NET P-MIP AREA (P-R) = 51.5995 M2.
NET SANTAN AREA (a-R) = 88.4837 M2.

VOLUMES
P-MIP VOLUME (G+U/2. X 30 = 4314.2.340 M3

+SANTAN VOLUME (H+MJ/2. X 30 = 42.73.3335 M3

- SHARED VOLUME (K+NJ/2. X 30 =1933.5180 M3

NET TOTAL VOLUME = 6654 MJ

VOLUMES
P-MIP VOLUME (L +PJ/2. x 30 = 3049.6815 M3

+SANTAN VOLUME (M+aJ/2. x 30 = 3441.2.430 M3

-SHARED VOLUME (N+RJ/2. x 30 = 1005.82.65 M3

NET TOTAL VOLUME = 5485 M3

340

350

345

355

350

345

355

25

TRACS NO. H4314 02 C

FiR - I HO CROSSING
EARTHWORK QUANTITIESHDR Engineering. Inc.

ARIZONA DEPARTMENT OF TRANSPORTATION
OESIQl
ORAWll
CllECKED

RCUIE 202L ILCSANTAN OUTFALL CHANNEL & P-MIP PIPELINES

7-------------­
---_ .../. - -----------

/
/

/-..... --/- -.... -- . -.. --. -- -
I

/

o
=P-MIP 0+908.5939

o
=P-MIP 0+880.2461

TOTAL VOLUMES

SANTAN VOLUME =13273.3080 M3

+ P-MIP VOLUME =14370.9105 M3

SHARED VOLUME =5728.0170 M3

SANTAN 1+170

SANTAN 1+200

TOTAL EXCAVATION VOLUME = 21916.2015 M3
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340 I I ! !

·25 I

340 I ! I!!' I
·2.5

350

350

345

345

355

355
OJ P-MIP AREA = 12.0.572.5 M2.
EJ SANTAN AREA = 84.1873 M2.
FJ SHARED AREA = 58.4604 M2.
NET TOTAL AREA (D+E)-F = 146.3994 M2

NET P-MIP AREA (D-F) = 62..2.12.1 M2
NET SANTAN AREA (E-FJ = 2.5.7269 M2.

AJ P-MIP AREA = 78.4338 M2.
8J SANTAN AREA = 52..7999 M2.
CJ SHARED AREA = 1.6934 M2.
NET TOTAL AREA (A+BJ-C =129.5403 M2
NET P-MIP AREA (A-C) = 76.7404 M2.
NET SANTAN AREA (B-C) = 51.1065 M2

G) P-MIP AREA = 141.3542. M2.
H) SANTAN AREA = 149.4016 M2.
K) SHARED AREA = 57.2!JT3 M2.
NET TOTAL AREA (G+H)-K = 2.2.9.4645 M2.
NET P-MIP AREA (G-K) = 80.0569 M2.
NET SANTAN AREA (H-KJ = 82..1103 M2.

VOLUMES
P-MIP VOLUME (D+G)I2. x 30 = 402.0.4005 M3

+SANTAN VOLUME (E+HJI2. x 30 = 3503.92.35 M3

- SHARED VOLUME (F+K)I2. x 30 = 1886.3655 M3

NET TOTAL VOLUME =5638 M3

VOLUMES
P-MIP VOLUME (A+D)12 x 30 = 2986.5945 M3

+SANTAN VOLUME (8+E)/2. x 30 =2.054.8080 M3

- SHARED VOLUME (C+F)/2. x 30 = 902.3070 M3

NET TOTAL VOLUME = 4139 M3
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I· P-MIP Ph. I

100% Quantities
Design Sketches

Computed: ROT Dote: 1/26/98
Sheet 2 of 22
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TRENCH lYPE "A"

(Type I Compaction)
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0"".' One Sac' ABC Slurry pc< we s.ct;a" n5. .
" . .

Trench Type Locations
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TyOe

0..000 0.0:51.2 •
0+0)'.2 0+075.6 a uPflR
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0.& 8 0..9"59 a 1-10
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TRENCH lYPE "8"

(Type I Compaction)
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Trench Type Locations
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Typo
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Trench Type Locations

I From St•• To S,o. fr.nch Commenls
Typo

0...000 O+O~1.2 A

0.051.2 0+078.6 9 UPRR

0 ..078.6 0.878 A 56th S\(o

0+88 0.9:)9 9 1-10

0 ..959 0+992 C 1-10

0+992 1.004..3 9 1-10

1+004..3 1+040.958 A
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51.2 351.5 347.114 346.759 4.741

Sta. Ground EI. Pipe IE Trench IE d
(m)

51.2 16.006 6.364 9.642

STA. 0+000 TO STA. 0+051.2
Trench Type A

w Exc. Area Length Exc.
(m) (m2

) (m) Volume

(m3
)

3.376 14.888
51.200 791

3.376 16.006
791

Backfill
Volume

(m3
)

465

4.410

51.200

Length
(m)

IJOb No. 07814-015-044 INa.

Computed RDT 1/26/98
Checked
Sheet 5 of 22

8.524

LOW HEAD PIPE

6.364

Bedding
Area +

Pipe Area

(m2
)

351.2 347.145 346.790

Low Head Pipe

P-MIP Ph I
100% Quantities

o

a 14.888

Sta. Exc. Area

(m2
)

TOTAL PIPE r::ACAVATION THIS SEGMENT

PIPE BACKFILL

PIPE SEGMENT NO.1

PIPE EXCAVATION

Task
Subject
Project

HDR Engineering, Inc.
Computation

I
I
I
I
I
I
I
I
I
I"'l

.. t .....

TOTAL PIPE BACKFILL THIS SEGMENT

TOTAL PIPE BEDDING THIS SE;GMENT 66
51.2 1.294 66

PIPE BEDDING

.'.

PH1QTYFN.xLS

Sta.0+006MH1

Length Bedding Bedding
(m) Area Volume

(m2
) (m3

)

MANHOLES

I,
I
I
I
I
I

1
~i'J

I
I



78.6 15.736 10.118 5.618

PIPE EXCAVATION
Sta. Ground EI. Pipe IE Trench IE d

(m)

51.2 351.5 347.114 346.759 4.741

63.7 351.8 347.105 346.750 5.050

78.6 351.4 347.094 346.739 4.661
TOTAL PIPE EXCAVATION THIS SEGMENT

PIPE BACKFILL
Sta. Exc. Area SlUrry Area Backfill Length

(m2
) + Pipe Area (m)

Area (m2
)

(m2
)

51.2 16.006 10.118 5.888
12.500

63.7 17.049 10.118 6.931
14.900

TOTAL PIPE BACKFILL THIS SEGMENT

27.400 5.051 138
TOTAL SLURRY THIS SEGMENT

~.

PH1 aTYFN.xLS

~.

93

80

STA. 0+051.2 TO STA. 0+078.6
Trench Type B

w Exc. Area Length Exc.
(m) (m2

) (m) Volume
(m3

)

3.376 16.006
12.500 207

3.376 17.049
14.900 . 244

3.376 15.736
451

Backfill
Volume

(m3
)

IJOb No. 07814-015-044 INo.

Computed RDT 1/23/98
Checked
Sheet 6 of 22

LOW HEAD PIPE

Low Head Pipe
100% Quantities
P-M1P Ph I

Length Slurry Area Bedding
(m) (m2) Volume

(m3
)

ONE SACK ABC SLURRY

PIPE SEGMENT NO.2

Task
Subject
Project

HDR Engineering, Inc.
Computation

I
l­
I
I
I
I
I
I
I

I
I'
I
I
I
I
I ,

v

I
I



I
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I
I
I
I
I
I
J)
I
I
I
I
I
I
I.W
I

HDR Engineering, Inc. IJOb No. 07814-015-044 INa.
Computation

Project P-MIP Ph I Computed ROT 1/23/98
Subject 100% Quantities Checked

Task Low Head Pipe Sheet 7 of 22

PIPE SEGMENT NO.3 LOW HEAD PIPE STA. 0+078.6 TO STA. 0+816.5
Trench Type A

PIPE EXCAVATION
Sta. Ground Et. Pipe IE Trench IE d w Exc. Area Length Exc.

(m) (m) (m2
) (m) Volume

(m3
)

78.6 351.4 347.094 346.739 4.661 3.376 15.736
54.900 867

133.5 351.4 347.056 346.701 4.699 3.376 15.865
12.500 194

146 351.2 347.047 346.692 4.508 3.376 15.220
154.000 2372

300 351.2 346.939 346.584 4.616 3.376 15.584
18.000 299

318 351.8 346.926 346.571 5.229 3.376 17.652
10.000 168

328 351.3 346.919 346.564 4.736 3.376 15.987
152.000 2509

480 351.5 346.813 346.458 5.042 3.376 17.022
120.000 2080

600 351.6 346.727 346.372 5.228 3.376 17.650
216.500 3986

816.5 351.9 346.577 346.222 5.678 3.376 19.169
TOTAL PIPE EXCAVATION THIS SEGMENT 12475

~.

-'.

PH1 QTYFN.xLS



HDR Engineering, Inc. IJOb No. 07814-015-044 INo.

Computation

Project P-MIP Ph I Computed RDT 1/23/98
Subject 100% Quantities Checked

Task Low Head Pipe Sheet 8 of 22

PIPE SEGMENT NO.3 LOW HEAD PIPE STA. 0+078.6 TO STA. 0+816.5
Trench Type A

PIPE BACKFILL
Sta. Exe. Area Bedding Backfill Length Backfill

(m2) Area + Area (m) Volume
Pipe Area (m:Z) (m3

)

(m2
)

78.6 15.736 6.361 9.375
54.900 518

133.5 15.865 6.361 9.504
12.500 115

146 15.220 6.361 8.859
154.000 1392

300 15.584 6.361 9.223
18.000 185

318 17.652 6.361 11.291
10.000 105

328 15.987 6.361 9.626
152.000 1542

480 17.022 6.361 10.661
120.000 1317

600 17.650 6.361 11.289
216.500 2608

816.5 19.169 6.361 12.808
TOTAL PIPE BACKFILL THIS SEGMENT 7782

PIPE BEDDING =:.

Length Bedding Bedding
(m) Area Volume

(m2
) (m3

)

737.9 1.294 955
TOTAL PIPE BEDDING THIS SEGMENT 955

I
I-
I
I
I
I
I
I
I

I
I
I

=:..

I
I
I
I, ~
v

I
I

MANHOLES MH2 Sta.0+814.0

PH1 QTYFN.XLS



~.

PIPE EXCAVATION
Sta. Ground EI. Pipe IE Trench IE d w Exc. Area Length Exc.

(m) (m) (m2
) (m) Volume

(m3
)

816.5 351.9 346.577 346.222 5.678 3.376 19.169
61.500 1320

878 352 345.316 344.961 7.039 3.376 23.763
TOTAL PIPE EXCAVATION THIS SEGMENT 1320

PIPE BACKFILL
Sta. Exc. Area Bedding Backfill Length Backfill

(m2
) Area + Area (m) Volume

Pipe Area (m2
) (m3

)

(m2
)

816.5 19.169 6.361 12.808
61.500 929

878 23.763 6.361 17.402
TOTAL PIPE BACKFILL THIS SEGMENT 929

PIPE BEDDING
Length Bedding Bedding

(m) Area Volume
(m2

) (m3
)

61.500 1.294 80
TOTAL PIPE BEDDING THIS SEGMENT 80

~.

PIPE SEGMENT NO.4

HDR Engineering, Inc.
Computation

22

1/23/98ROT

of9

PH1 QTYFN.XLS

STA. 0+816.5 TO STA. 0+878

Trench Type A

Sheet
Checked
Computed

07814-015-044 INo.IJob No.

LOW HEAD PIPE

Low Head Pipe

P-MIP Ph I
100% Quantities

Task
Subject
Project

'1
I­
I
I
I
I
I
I
I
P
I
I
I
I
I
I
I.
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I



TOTAL SLURRY THIS SEGMENT

878.0 959.0 B 81.000
959.0 961.6 C 2.600

I ..; ..
- .

::'1-:::': ':"

T~j~

I
I'
I
I

t~~
I:":,,

''''-''',,"J.J
I
I
I,: ",: ':-:,,:'
~~~~
I
I
I .
~

I
I

ONE SACK ABC SLURRY
From Sta. To Sta. Trench

Type
Length Slurry Area

(m) (m2)

5.051
10.8641

Bedding
Volume

(m3
)

409
28

PH1QTYF



HDR Engineering, Inc. IJOb No. 07814-015-044 INa.

Computation

Project P-MIP Ph I Computed ROT 1/23/98
Subject 100% Quantities Checked

Task Low Head Pipe Sheet 11 of 22

PIPE SEGMENT NO.6 LOW HEAD PIPE STA. 0+961.6 TO STA. 1+004.3
Trench Type C
Trench Type B

PIPE EXCAVATION
Sta. Ground El. Pipe IE Trench IE d w Exc. Area Length Exc.

(m) (m) (m2) (m) Volume
(m3

)

961.6 356 343.602 343.247 12.753 3.376 43.054
30.400 1091

992 351.7 343.538 343.183 8.517 3.376 28.753
12.300 352

1004.3 351.6 343.512 343.157 8.443 3.376 28.504
TOTAL PIPE EXCAVATION THIS SEGMENT 1444

PIPE BACKFILL
Trench Sta. Exc. Area SlUrry Area Backfill Length Backfill
Type (m2

) + Pipe Area (m) Volume
Area (m2

) (m3
)

(m2
)

C 961.6 43.054 15.931 27.123
30.400 607

C 992 28.753 15.931 12.822

I 12.300 192
B 1004.3 28.504 10.118 18.386

TOTAL PIPE BACKFILL THIS SEGMENT 799

TOTAL SLURRY THIS SEGMENT

961.6 992.0 C 30.400 10.864
992.0 1004.3 B 12.300 5.051

PH1aTYFN.xLS

62
330

Bedding
Volume

(m3
)

Length Slurry Area
(m) (m2)

STA. 1+003.9

From Sta. To Sta. Trench
Type

ONE SACK ABC SLURRY

SIPHON DRAIN

I
I
I
I
I
I
I
I
I
JJ
I
I
I
I
I
I
I
1'0

I



398

279

1/23/98

Exc.
Volume

(m3
)

ROT

12 of 22

STA.1+004.3 TO STA.1+034.8
Trench Type A

Computed

07814-015-044

Checked
Sheet

39

Bedding
Volume

(m3
)

IJOb No.

LOW HEAD PIPE

1004.3 1034.8 30.5 1.294

From Sta. To Sta. Length Bedding
(m) Area

(m2
)

PIPE SEGMENT NO.7

HDR Engineering, Inc.
Computation

Project P-MIP Ph I

Task Low Head Pipe
Subject 100% Quantities

PIPE EXCAVATION
Sta. Ground EI. Pipe IE Trench IE d w Exc. Area Length

(m) (m) (m2
) (m)

1004.3 351.6 343.512 343.157 8.443 3.376 28.504
15.700

1020 351.6 345.393 345.038 6.562 3.376 22.153
14.800

1034.8 351.4 347.168 346.813 4.587 3.376 15.486
TOTAL PIPE EXCAVATION THIS SEGMENT

PIPE BACKFILL
Sta. Exc. Area Bedding Backfill Length Backfill

(m2
) Area + Area (m) Volume

Pipe Area (m2
) (m3

)

(m2
)

1004.3 28.504 6.361 22.143
15.700 298

1020 22.153 6.361 15.792
14.800 184

1034.8 15.486 6.361 9.125
TOTAL PIPE BACKFILL THIS SEGMENT 482

TOTAL PIPE BEDDING THIS SEGMENT

PIPE BEDDING

j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j,\i.J i

, i
L... ...• ~ . j

------ --.~PH1ar/

-



PIPE EXCAVATION
Sta. Ground EI. Pipe IE Trench IE d W Exc.Area Length Exc.

(m) (m) (m2
) (m) Volume

(m3
)

1034.8 351.4 347.168 346.813 4.587 3.376 15.486
6.158 96

1040.958 351.4 347.146 346.791 4.609 3.376 15.560

TOTAL PIPE EXCAVATION THIS SEGMENT 96

PIPE BACKFILL
Sta. Exc.Area Bedding Backfill Length Backfill

(m2
) Area + Area (m) Volume

Pipe Area (m2
) (m3

)

(m2
)

1034.8 15.486 6.361 9.125
6.158 56

1040.958 15.560 6.361 9.199

TOTAL PIPE BACKFILL THiS SEGMENT 56

PIPE BEDDING
From Sta. To Sta. Length Bedding Bedding

(m) Area Volume
(m2) (m3

)

1034.8 1040.958 6.158 1.294 S- "'.

TOTAL PIPE BACKFILL THIS SEGMENT !

Task Low Head Pipe
Subject 100% Quantities

PIPE SEGMENT NO.8

RDT 1/26/97

PH1 aTYFN.xLS

13 of 22

STA. 1+034.8 TO STA. 1+040.958
Trench Type E

Checked
Sheet

07814-015-044 INo.

Computed

IJ015 No.

LOW HEAD PIPE

MH 3 STA.1+035.0
MH 4 STA. 1+498.2

MANHOLES

HDR Engineering, Inc.
Computation

Project P-MIP Ph I

I
I
I
I
I
I
I
I
I

". -.

I
'·

.. , ;~

I
I
I
I
I
I
I

0.t
I"

I



51.2 351.5 347.706 347.464 4.036

Sta. Ground EI. Pipe IE Trench IE d
(m)

51.2 10.038 2.793 7.245

22

1/23/98RDT

of

INo.

STA. 0+000 TO STA. 0+051.2
Trench Type A

w Exc. Area Length Exc.
(m) (m2

) (m) Volume

(m3
)

2.487 9.177
- 51.200 492

2.487 10.038
492

Backfill
Volume

(m3
)

349

Computed
Checked

07814-015-044

Sheet 14

3.690

51.200

Length
(m)

6.384

Backfill
Area

(m2
)

HIGH HEAD PIPE

2.793

Bedding
Area +

Pipe Area

(m2
)

351.2 347.752 347.510o

o 9.177

Sta. Exc. Area

(m2
)

PIPE BACKFILL

PIPE SEGMENT NO.9

TOTAL PIPE EXCAVATION THiS SEGMENT

PIPE EXCAVATiON

Task Low Head Pipe

HDR Engineering, Inc.
Computation

Project P-M1P Ph I
Subject 100% Quantities

01

J
I
I
I
I
I
I
I
.~O~}

~.,--

':..

TOTAL PIPE BACKFILL THIS SEGMENT

TOTAL PIPE BEDDING THIS SEGMENT
51.2 0.652 33

PH1 QTYFN.xLS

Sta. 0+003.7

...

MH5

Length Bedding Bedding
'(m) Area Volume

(m2
) (m3

)

MANHOLES

PIPE BEDDINGI
I
I
I
I
I
I

: ~

I~

I



78.6 9.851 5.700 4.151

PIPE EXCAVATION
Sta. Ground EI. Pipe IE Trench IE d

(m)

51.2 351.5 347.706 347.464 4.036

63.7 351.8 347.695 347.453 4.347

78.6 351.4 347.681 347.439 3.961
TOTAL PIPE EXCAVATION THIS SEGMENT

PIPE BACKFILL
Sta. Exc.Area Slurry Area Backfill Length

(m2) + Pipe Area (m)
Area (m2)

(m2)

51.2 10.038 5.700 4.337
12.500

63.7 10.811 5.700 5.111
14.900

TOTAL PIPE BACKFILL THIS SEGMENT

27.4eO 3.559 98
TOTAL SLURRY THIS SEGMENT

PH1 QTYFN.XLS

22

1/23/98RDT

of15

STA. 0+051.2 TO STA. 0+078.6
Trench Type B

w Exc. Area Length Exc.
(m) (m2

) (m) Volume

(m3
)

2.487 10.038
12.500 130

2.487 10.811
14.900 154

2.487 9.851
284

69

Backfill
Volume

(m3
)

59

Checked

Computed

Sheet

07814-015-044IJOb No.

HIGH HEAD PIPE

Low Head Pipe

P-MIP Ph I
100% Quantities

Length Slurry Area Bedding
(m) (m2) Volume

(m3
)

ONE SACK ABC SLURRY

PIPE SEGMENT NO.1 0

Subject

HDR Engineering, Inc.
Computation

Task

Project

I
I­
I
I
I
I
I
I
I
rl.'c..i'

I
I
I
I
I
I
I
I~

I
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HDR Engineering, Inc. IJob No. 07814-015-044 INo.

Computation

Project P-MIP Ph I Computed RDT 1/23/98
Subject 100% Quantities Checked

Task Low Head Pipe Sheet 16 of 22

PIPE SEGMENT NO. 11 HIGH HEAD PIPE STA. 0+078.6 TO STA. 0+821.4
Trench Type A

PIPE EXCAVATION
Sta. Ground El. Pipe IE Trench IE d w Exc. Area Length Exc.

(m) (m) (m2
) (m) Volume

(m3
)

78.6 351.4 347.681 347.439 3.961 2.487 9.851
54.900 544

133.5 351.4 347.632 347.390 4.010 2.487 9.974
12.500 122

146 351.2 347.620 347.378 3.822 2.487 9.504
154.000 1490

300 351.2 347.482 347.240 3.960 2.487 9.849
18.000 191

318 351.8 347.466 347.224 4.576 2.487 11.382
10.000 108

328 351.3 347.457 347.215 4.085 2.487 10.161
152.000 1608

480 351.5 347.320 347.078 4.422 2.487 10.998
120.000 1351

600 351.6 347.212 346.970 4.630 2.487 11.515
221.400 2687

821.4 351.9 347.013 346.771 5.129 2.487 12.756
TOTAL PIPE EXCAVATION THIS SEGMENT 8101

PH1 QTYFN.XLS



HDR Engineering, Inc. IJOb.No. 07814-015-044 INa.

Computation

Project P-MIP Ph I Computed RDT 1/23/98
Subject 100% Quantities Checked

Task low Head Pipe Sheet 17 of 22

PIPE SEGMENT NO. 11 HIGH HEAD PIPE STA. 0+078.6 TO STA. 0+821.4
Trench Type A

PIPE BACKFILL
Sta. Exc. Area Bedding Backfill Length Backfill

(m2
) Area + Area (m) Volume

Pipe Area (m2) (m3
)

(m2
)

78.6 9.851 2.793 7.058
54.900 391

133.5 9.974 2.793 7.181
12.500 87

146 9.504 2.793 6.711
154.000 1060

300 9.849 2.793 7.056
18.000 141

318 11.382 2.793 8.589
10.000 80

328 10.161 2.793 7.368
152.000 1184

480 10.998 2.793 8.205
120.000 1016

600 11.515 2.793 8.722
221.400 2068

821.4 12.756 2.793 9.963
TOTAL PIPE BACKFILL THIS SEGMENT 6026

PIPE BEDDING
.... Length Bedding Bedding

{m} Area Volume
(m2

) (m3
)

742.8 0.652 484
TOTALPIPE BEDDING THIS SEGMENT 484

MANHOLES MH6 Sta.0+819.5

PH1QTYF



PIPE EXCAVATION
Sta. Ground EI. Pipe IE Trench IE d w Exc. Area Length Exc.

(m) (m) (m2
) (m) Volume

(m3
)

821.4 351.9 347.013 346.771 5.129 2.487 12.756
56.600 728

878 352 347.028 346.786 5.214 2.487 12.967
TOTAL PIPE EXCAVATION THIS SEGMENT 728

PIPE BACKFILL
Sta. Exc. Area Bedding Backfill Length Backfill

(m2
) Area + Area (m) Volume

Pipe Area (m2
) (m3

)

(m2
)

821.4 12.756 2.793 9.963
56.600 570

878 12.967 2.793 10.174
TOTAL PIPE BACKFILL THIS SEGMENT 570

07814-015-044 INo.-------

".

PH1 QTYFN.xLS

22

1/23/98ROT

of18

STA. 0+821.4 TO STA. 0+878
Trench Type A

Checked
Computed

Sheet

Length Bedding Bedding
(m) Area Volume

(m2
) (m3

)

56.600 0.652 37
TOTAL PIPE BEDDING THIS SEGMENT 37

PIPE BEDDING

PIPE SEGMENT NO. 12 HIGH HEAD PIPE

HDR Engineering, Inc. IJOb NO.
Computation

Project P-M1P Ph I

Task Low Head Pipe
SUbject 100% Quantities

I
l­
I
I
I
I
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TOTAL PIPE BACKFILL THIS SEGMENT

TOTAL PIPE EXCAVATiON THIS SEGMENT

TOTAL SLURRY THIS SEGMENT

PH1QTYFN.xLS

22

1/23/98

Exc.
Volume

(m3
)

::..

RDT

of19

Exc. Area Length

(m2) (m)

STA. 0+878 TO STA. 0+961.6
Trench Type B

- Trench Type C

288
20

1815 "'.

2.600 54

2.487 28.091

15.000 326

2.600 75

66.000 1519

66.000 1896

2.487 15.454

2.487 29.405

2.487 28.041

15.000 241

w
(m)

Length Backfill
(m) Volume

(m3
)

Bedding
Volume

(m3
)

Computed

07814-015-044 INo.

Checked

Sheet

9.754

Backfill
Area

(m2
)

IJObNO.

5.700 23.705

5.700 22.341

Length Slurry Area
(m) (m2)

5.700

Slurry Area
+ Pipe
Area

(m2
)

HIGH HEAD PIPE

15.454

959 29.405

893 28.041

Low Head Pipe

P-MIP Ph I
100% Quantities

878

Trench Sta.
Type

From Sta. To Sta. Trench
Type

878 352 346.028 345.786 6.214

Sta. Ground El. Pipe IE Trench IE d
(m)

893 356.8 345.767 345.525 11.275

959 356.2 344.619 344.377 11.823

959.0 961.6 D 2.600 7.852

B

878.0 959.0 C 81.000 3.559

B

961.6 355.6 344.547 344.305 11.295

961.6 28.091 9.993 18.098

ONE SACK ABC SLURRY

c

PIPE SEGMENT NO. 13

PIPE BACKFILL

PIPE EXCAVATION

Subject-

HDR Engineering, Inc.
Computation

Task

Project

I
I
I
I
I
I
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I
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I
I
I
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I



HDR Engineering, Inc. !JOb No. 07814-015-044 INa.

Computation

Project P-MIP Ph I Computed RDT 1/23/98 .
Subject 100% Quantities Checked

Task Low Head Pipe Sheet 20 of 22

PIPE SEGMENT NO. 14 HIGH HEAD PIPE STA. 0+961.6 TO STA. 1+004.3
Trench Type C
Trench Type B

PIPE EXCAVATION
Sta. Ground EI. Pipe IE Trench IE d w Exc. Area Length Exc.

(m) (m) (m2
) (m) Volume

(m3
)

961.6 356 344.574 344.332 11.668 2.487 29.018
30.400 722

992 351.7 344.498 344.256 7.444 2.487 18.513
12.300 227

1004.3 351.6 344.467 344.225 7.375 2.487 18.342
TOTAL PIPE EXCAVATION THIS SEGMENT 949

PIPE BACKFILL
Trench Sta. Exc.Area Slurry Area Backfill Length Backfill
Type (m2

) + Pipe Area (m) Volume
Area (m2

) (m3
)

(m2
)

C 961.6 29.018 9.993 19.026
30.400 419

C 992 18.513 9.993 8.520
12.300 130

B 1004.3 18.342 5.700 12.641
TOTAL PIPE BACKFILL THIS SEGMENT 549

TOTAL SLURRY THIS SEGMENT
992.0 1004.3 B 12.300 3.559
961.6 992.0 C 30.400 7.852

PH1 aTYFN.xLS

44

Bedding
Volume

(m3
)

". 239

Length Slurry Area
(m) (m2)

STA. 1+003.9

From Sta. To Sta. Trench
Type

SIPHON DRAIN

ONE SACK ABC SLURRY

I
I· .
I
I
I
I
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I
I,
I
I
I
I
I
I

~
I
I



PIPE EXCAVATION
Sta. Ground El. Pipe IE Trench IE d w Exc. Area Length Exc.

(m) (m) (m2
) (m) Volume

(m3
)

1004.3 351.6 344.467 344.225 7.375 2.487 18.342
15.700 244

1020 351.6 346.744 346.502 5.099 2.487 12.680

8.700 95
1028.7 351.4 348.005 347.763 3.637 2.487 9.045

TOTAL PIPE EXCAVATION THIS SEGMENT 338

PIPE BACKFILL
Sta. Exc. Area Bedding Backfill Length Backfill

(m2) Area + Area (m) Volume
Pipe Area (m2

) (m3
)

(m2)

1004.3 18.342 2.793 15.549
15.700 200

1020 12.680 2.793 9.887
8.700 70

1028.7 9.045 2.793 6.252
TOTAL PIPE BACKFILL THIS SEGMENT 270

PIPE BEDDING
From Sta. To Sta. Length Bedding Bedding

(m) Area Volume
(m2

) (m3
)

1004.3 1"tl28.7 24.4 0.652 16
TOTAL PIPE BEDDING THIS SEGMENT 16

07814-015-044 lNo.-------

I'

'0:
I
I
I
I
I
I
I
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I
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HDR Engineering, Inc.
Computation

Project P-MIP Ph I
Subject 100% Quantities
Task Low Head Pipe

PIPE SEGMENT NO. 15

IJOb No.

HIGH HEAD PIPE

Computed

Checked
Sheet

ROT 1/23/98

21 of 22

STA.1+004.3 TO STA.1+028.7
Trench Type A

PH1 aTYFN.xLS



PIPE EXCAVATION
Sta. Ground EI. Pipe IE Trench IE d w Exc.Area length Exc.

(m) (m) (m2
) (m) Volume

(m3
)

1028.7 351.4 348.005 347.763 3.637 2.487 9.045
5.458 49

1034.158 351.4 347.998 347.756 3.644 2.487 9.063

TOTAL PIPE EXCAVATION THIS SEGMENT 49

PIPE BACKFILL
Sta. Exc.Area Bedding Backfill length Backfill

(m2
) Area + Area (m) Volume

Pipe Area (m2
) (m3

)

(m2
)

1028.7 9.045 2.793 6.252
5.458 34

1034.158 9.063 2.793 6.270

TOTAL PIPE BACKFILL THIS SEGMENT 34

PIPE BEDDING
From Sta. To Sta. Length Bedding Bedding

(m) Area Volume

(m2
) (m3

)

1028.7 1034.158 5.458 0.652 4
TOTAL PIPE BEDDING THIS SEGMENT ~

MH 7 STA. 1+030.5

07814-015-044 I_N.-;O. _

I
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I
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HDR Engineering, Inc.
Computation

Project P-MIP Ph I
Subject 100% Quantities
Task Low Head Pipe

PIPE SEGMENT NO. 16

MANHOLES

IJOb No.

HIGH HEAD PIPE

Computed
Checked
Sheet

RDT 1/23/98

22 of 22

STA. 1+028.7 TO STA. 1+034.158

Trench Type A

PH1QTYFN.XLS
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SANTAN CHANNEL DETOURS - CIVIL WORK - CONSTRUCTION COST ESTIMATES

PROJ. NO.1 SANTAN CHANNEL - 56TH ST. DETOUR· CONSTRUCTION COST ESTIMATE

ITEM NO. ADOTNO. DESCRIPTION OF WORK UNIT QUANTITY UNIT PRICE COST
1 2030301 ROADWAY EXCAVATION m3 496 $ 5.50 $ 2,728.00
2 3030022 AGGREGATE BASE, CLASS 2 (200mm) m3 528 $ 25.00 $ 13,200.00
3 * 4090003 ASPHALTIC CONCRETE (MISCELLANEOUS STRUCTURAL) ( 125mm) m2 2640 $ 10.60 $ 27,984.00

TOTAL $ 43,912.00

* Includes Removal and Disposal of Temporary Pavement

PROJ. NO.2 SANTAN CHANNEL -1-10 WESTBOUND DETOUR - CONSTRUCTION COST ESTIMATE

ITEM NO. ADOTNO. DESCRIPTION OF WORK UNIT QUANTITY UNIT PRICE COST
1 2030301 ROADWAY EXCAVATION m3 5892 $ 5.50 $ 32,406.00
2 3030022 AGGREGATE BASE, CLASS 2 (200mm) m3 1231 ' $ 25.00 $ 30,775.00
3 * 4090003 ASPHALTIC CONCRETE (MISCELLANEOUS STRUCTURAL) (125mm) m2 6155 ' $ 10.60 $ 65,243.00
4 5010011 PIPE, CORRUGATED METAL, 600mm m 310, $ 130.00 $ 40,300.00

TOTAL $ 168,724.00

* Includes Removal and Disposal of Temporary Pavement

PROJ. NO.3 SANTAN CHANNEL -1-10 EASTBOUND DETOUR - CONSTRUCTION COST ESTIMATE

ITEM NO. ADOTNO. DESCRIPTION OF WORK UNIT QUANTITY UNIT PRICE COST
1 2030301 ROADWAY EXCAVATION m3 5648 $ 5.50 $ 31,064.00
2 3030022 AGGREGATE BASE, CLASS 2 (200mm) m3 1072 $ 25.00 $ 26,800.00
3 * 4090003 ASPHALTIC CONCRETE (MISCELLANEOUS STRUCTURAL) (125mm) m2 5360 $ 10.60 $ 56,816.00
4 5010011 PIPE, CORRUGATED METAL, 600mm m 270 $ 130.00 $ 35,100.00

TOTAL $ 149,780.00

* Includes Removal and Disposal of Temporary Pavement

SANTAN CHANNEL DETOURS - SUMMARY OF CIVIL WORK - CONSTRUCTION COST ESTIMATE

PROJECT NO. DESCRIPTION OF WORK COST
1 SANTAN CHANNEL - 56TH ST. DETOUR - CIVIL WORK - CONSTRUCTION COST ESTIMATE $ 43,912.00
2 SANTAN CHANNEL -1-10 NORTHBOUND DETOUR - CIVIL WORK - CONSTRUCTION COST ESTIMATE $ 168,724.00
3 SANTAN CHANNEL -1-10 SOUTHBOUND DETOUR - CIVIL WORK - CONSTRUCTION COST ESTIMATE $ 149,780.00

TOTAL $ 362,416.00

I
I 3/9/98 Page 60f9
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S NTAN CHANNEL ETOURS - MAlNT. OF TRAFFIC WORK - CONSTRUCTION COST E

PROJ. NO.1- SANTAN CHANNEL - 56TH ST, TRAFFIC CONTROL - CONSTRUCTION COST ESTIMATE

ATES

I
I
I
I
I
I
I
I
I
I
I
I
I

ITEM NO. ADOTNO. DESCRIPTION OF WORK UNIT QUANTITY UNIT PRICE COST
1 7015010 TEMPORARY CONCRETE BARRIER (INSTALLATION & REMOVAL) m 740 $ 18.00 $ 13,320.00
2 7015020 TEMPORARY IMPACT ATIENUATORS (INSTALLATION & REMOVAL) EACH 0 $ 1,000.00 $ -
3 7015041 TEMPORARY PAINTED MARKING (ARROW, SYMBOL OR LEGEND) EACH 2 $ 65.00 $ 130.00
4 7015042 TEMPORARY PAINTED MARKING (STRIPE) m 1990 $ 0.43 $ 855.70
5 7015051 LEGEND) EACH 0 $ 20.00 $ ·
6 7015052 OBLITERATE PAVEMENT MARKING (STRIPE) m 2060 $ 1.65 $ 3,399.00
7 7015061 TEMPORARY PAVEMENT MARKERS (RAISED) (REFLECTIVE) EACH 0 $ 4.00 $ -
8 7015070 OBLITERATE PAVEMENT MARKERS EACH 0 $ 0.10 $ -
9 7015080 TEMPORARY DELINEATORS (4-M-4.01 OR APPROVED ALTERNATE) EACH 0 $ 27.00 $ ·

10 7015090 SPECIALTY SIGNS m2 0 $ 110.00 $ ·
11 7016020 TEMPORARY CONCRETE BARRIER (IN USE) m-DAY 36400 $ 0.20 $ 7,280.00
12 7016025 TEMPORARY IMPACT ATIENUATORS (IN USE) EACH-DAY 0 $ 0.05 $ -
13 7016029 PORTABLE SIGN STANDS - BARRIER MOUNTED EACH-DAY 0 $ 1.00 $ -
14 7016030 BARRICADE (TYPE II, VERTICAL PANEL, TUBULAR MARKER) EACH-DAY 2620 $ 0.50 $ 1,310.00
15 7016031 BARRICADE (TYPE III, HIGH LEVEL FLAG TREES) EACH-DAY 0 $ 0.75 $ -
16 7016032 PORTABLE SIGN STANDS (RIGID) EACH-DAY 0 $ 1.00 $ -
17 7016033 PORTABLE SIGN STANDS (SPRING TYPE) EACH-DAY 0 $ 2.10 $ -
18 7016034 DRUM (4-M-2.07 OR APPROVED ALTERNATE) EACH-DAY 0 $ 1.25 $ -
19 7016035 WARNING LIGHTS (TYPE "A") EACH-DAY 0 $ 0.25 $ -
20 7016036 WARNING LIGHTS (TYPE "B") EACH-DAY 940 $ 2.50 $ 2,350.00

21 7016037 WARNING LIGHTS (TYPE "C") EACH-DAY 2620 $ 0.80 $ 2,096.00

22 7016038 TRAFFIC CONE (711 mm) EACH-DAY 0 $ 0.40 $ -
23 7016039 EMBEDDED SIGN POST EACH-DAY 940 $ 0.10 $ 94.00

24 7016047 TEMPORARY SIGN (TYPE II LESS THAN 0.9 m2) EACH-DAY 660 $ 3.00 $ 1,980.00

25 7016048 TEMPORARY SIGN (TYPE II GREATER THAN 0.9 m2) EACH-DAY 440 $ 3.00 $ 1,320.00

26 7016050 TRUCK MOUNTED ATIENUATOR EACH-DAY 0 $ 3.50 $ -
27 7016061 FLASHING ARROW PANEL EACH-DAY 0 $ 75.00 $ -
28 7016066 CHANGEABLE MESSAGE SIGN EACH-DAY 14 $ 150.00 $ 2,100.00

29 7016075 FLAGGING SERVICES HOUR 0 $ 21.00 $ -
31 7016077 FLAGGING SERVICES (UNIFORM OFFICER) HOUR 0 $ 28.00 $ -

Subtotal

/
$ 36,234.70

15% Item Placement $ 5,435.20
TOTAL $ 41,669.90

I 2/23/98 Page 7 of9
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SANTAN CHANNEL DETOURS - MAlNT. OF TRAFFIC WORK - CONSTRUCTION COST ESTIMATES

pROJ. NO.3 SANTAN CHANNEL -1-10 TRAFFIC CONTROL - CONSTR. COST ESTIMATE

ITEM NO. ADOTNO. DESCRIPTION OF WORK UNIT QUANTITY UNIT PRICE COST

1 7015010 TEMPORARY CONCRETE BARRIER (INSTALLATION & REMOVAL) m 6160 $ 18.00 $ 110,880.00
2 7015020 TEMPORARY IMPACT ATIENUATORS (INSTALLATION & REMOVAL) EACH 10 $ 1,000.00 $ 10,000.00
3 7015041 TEMPORARY PAINTED MARKING (ARROW, SYMBOL OR LEGEND) EACH 0 $ 65.00 $ .
4 7015042 TEMPORARY PAINTED MARKING (STRIPE) m 11670 $ 0.43 $ 5,018.10
5 7015051 OBLITERATE PAVEMENT MARKING (ARROW, SYMBOL OR EACH 0 $ 20.00 $ -
6 7015052 OBLITERATE PAVEMENT MARKING (STRIPE) m 4410 $ 1.65 $ 7,276.50
7 7015061 i I EMI"ORARY PAVEMt:NT MARKt:R:S (KAISt:D) (REFLE(,; liVE) CACH 537 $ 4.00 $ 2,148.00
8 7015070 OBLITERATE PAVEMENT MARKERS EACH 164 $ 0.10 $ 16.40
9 7015080 TEMPORARY DELINEATORS (4-M-4.01 OR APPROVED ALTERNATE) EACH 0 $ 27.00 $ -
10 7015090 SPECIALTY SIGNS m2 0 $ 110.00 $ -
11 7016020 TEMPORARY CONCRETE BARRIER (IN USE) m-DAY 284250 $ 0.20 $ 56,850.00
12 7016025 TEMPORARY IMPACT ATIENUATORS (IN USE) EACH-DAY 430 $ 0.05 $ 21.50
13 7016029 PORTABLE SIGN STANDS - BARRIER MOUNTED EACH-DAY 0 $ 1.00 $ -
14 7016030 BARRICADE (TYPE II, VERTICAL PANEL, TUBULAR MARKER) EACH-DAY 21290 $ 0.50 $ 10,645.00
15 7016031 BARRICADE (TYPE III, HIGH LEVEL FLAG TREES) EACH-DAY 960 $ 0.75 $ 720.00
16 7016032 PORTABLE SIGN STANDS (RIGID) EACH-DAY 0 $ 1.00 $ -
17 7016033 PORTABLE SIGN STANDS (SPRING TYPE) EACH-DAY 0 $ 2.10 $ -
18 7016034 DRUM (4-M-2.07 OR APPROVED ALTERNATE) EACH-DAY 0 $ 1.25 $ -
19 7016035 WARNING LIGHTS (TYPE "Ai EACH-DAY 1920 $ 0.25 $ 480.00
20 7016036 WARNING LIGHTS (TYPE "Bi EACH-DAY 6380 $ 2.50 $ 15,950.00
21 7016037 WARNING LIGHTS (TYPE "Ci EACH-DAY 20590 $ 0.80 $ 16,472.00
22 7016038 TRAFFIC CONE (711 mm) EACH-DAY 0 $ 0.40 $ -
23 7016039 EMBEDDED SIGN POST EACH-DAY 5740 $ 0.10 $ 574.00
24 7016047 TEMPORARY SIGN (TYPE II LESS THAN 0.9 m2) EACH-DAY 0 $ 3.00 $ -
25 7016048 TEMPORARY SIGN (TYPE II GREATER THAN 0.9 m2) EACH-DAY 6100 $ 3.00 $ 18,300.00
26 7016050 TRUCK MOUNTED ATIENUATOR EACH-DAY 0 $ 3.50 $ -
27 7016061 FLASHING ARROW PANEL EACH-DAY 0 $ 75.00 $ -
28 7016066 CHANGEABLE MESSAGE SIGN EACH-DAY 14 $ 150.00 $ 2,100.00
29 7016075 FLAGGING SERVICES HOUR 0 $ 21.00 $ -
31 7016077 FLAGGING SERVICES (UNIFORM OFFICER) HOUR 0 $ 28.00 $ -

Subtotal $ 257,451.50
15% Item Placement ~. 38,617.70
TOTAL /' $ 296,069.20

l,...oo'

SANTAN CHANNEL - SUMMARY OF MAINTENANCE OF TRAFFIC WORK - CONSTRUCTION COST ESTIMATE

PROJECT NO. DESCRIPTION OF WORK COST

1 SANTAN CHANNEL - 56TH ST. TRAFFIC CONTROL - CONSTRUCTION COST ESTIMATE $ 41,669.90
2 SANTAN CHANNEL -1-10 TRAFFIC CONTROL - CONSTRUCTION COST ESTIMATE ~,069.20

t ./TOTAL $ 337,739.10
l/

I
I 3/9/98 Page 9 of9



Elements Are Not Colinear

Elements Are Not Colinear

Element: Linear .L
PT ( ) f.+240.615 254078.76 209076.57
PC ( ) ~+262.131 254099.83 209072.25

Tangent Direction: N 111\36'10.43" W
Tangent Length: 21.516

s t, Ttf 5T DG1Ou..j(

r/2 CE,Owt£ TR Y

EASTING

209005.67
209036.19

f+262.131 254099.83 209072.25
254180.76 209463.97

~+343.173 254180.31 209063.97
400.000

111\36'30.35" Right
81.042
40.660
80.904

2.051
2.061

N 111\40'21.80" W

Element: Circular
PC ( )
CC( )
PTe )

Radius:
Delta:
Length:
Tangent:

Chord:
Middle Ordinate:

External:
Tangent Direction:

Element: Circular
PC ( ) 4+050.687 253898.90 209036.19
CC() 254033.79 208856.11
PT ( ) t+240.615 254078.76 209076.57

Radius: 225.000
Delta: 481\21'52.88" Left
Length: 189.928
Tangent: 101.036

Chord: 184.339
Middle Ordinate: 19.745

External: 21.644
Tangent Direction: N 361\50'10.36" E
Radial Direction: S 531\09'49.64" E
Chord Direction: N 121\39'13.92" E

Radial Direction: N 781\28'17.48" E
Tangent Direction: N 111\31'42.52" W

Elements Are Not Colinear

Review Horizontal Alignment All
Project Name: PMIP
Description:

Horizontal Alignment Name: 56th dtr
Description: 56th Detour
Preference: default

STATION NORTHING

Element: Linear
POB ( ) '+000.000 253858.43
PC ( ) t.+050.687 253898.90

Tangent Direction: N 371\()1'32.23" E
Tangent Length: 50.687
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Radial Direction: N 78A19'3820" E
Chord Direction: N 5A52'06.63" W

Radial Direction: N 89A56'08.55" E
Tangent Direction: N OA03'51.45" W



---------_._-_.__.._--<...

Element: Linear
PTt L .. ,O_±J02.7983 2n662.0849 208362.8501
PC ( ) 0+36.2.7.983 253717.615120'8340'.'1259

Tangent Direction: N 221\15'19.7626" W
Tangent Length: --6o~6o'6(5''''' ... .

Element: Circular
PC ( ) 0+362.7983 253717.6151 208340.1259
CC() 254096.3597 209265.6271
PCC ( ) 0+548.1978 253894.7120 208286.1690

Radius:._ ... __,1000,0000 .,-----Delta: 101\37'21.3998" Right
~-··-lli~~~2.5_::, ... .,

.__.------

r\~;: ',') \/-. ;'.
~I •..

EASTING

Element: Circular
R..lS.G{,.}.. 0+213.0762 253577.6350 208393.0638
CC() 253283.3383 207437.3497
PT ( ) 0+302.79832.53,662.0849 208362.8501

Radius: ~1000,QQ90... __
Delta: 5~Q8.26.5004!!-heft

Length: 89.7220 oJ'

Tangent: .,.~~!9JJ-"
Chord: 89.6920

Middle Ordinate: 1.0061
External: 1.0071

Tangent Direction: N 171\Q6'55.3368" W
Radial Direction: N 721\53'04.6632" E
Chord Direction: N 191\41'08.5870" W

Radial Direction: N 671\44'38.1628" E
Tangent Direction: N 221\15'21.8372" W

Element: Circular
PC ( ) 0+000.0000 253376.0444 208461.9732
CC() 254600.3310 211714.2308
PRC ( ) 0+213.0762 253577.6350 208393.0638

Radius: 3475.0622
Delta: 31\30'47.2928" Right

Length: 213.0762
Tangent: 106.5715

Chord: 213.0429
Middle Ordinate: 1.6330

External: 1.6338
Tangent Direction: N 201\37'42.4129" W
Radial Direction: N 691\22'17.5871" E
Chord Direction: N 181\52'18.7665" W
Radial Direction: N 721\53'04.8799" E
Tangent Direction: N 171\Q6'55.1201" W

Review Horizontal Alignment All
Project Name: 1-10
Description:

Horizontal Alignment Name: dtrl2­
Description:
Preference: default

STATION NORTHING
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Element: Linear

PT ( ) 0+832.7625 254176.6070 208252.2009
PC ( ) 0+892.7633 254236.6050 208252.7821

Tangent Direction: N 0/\33'17.7512" E
Tangent Length: 60.0008

Ta,?,g~I!~;._ .._...... 92.9662 ..
Chord: 185.1341

Middle Ordinate: 4.2935
External: 4.3121

Tangent Direction: N 22/\15'21.3855" W
Radial Direction: N 67/\44'38.6145" E
Chord Direction: N 16/\56'40.6856" W

Radial Direction: N 78/\22'00.0144" E
Tangent Direction: N 11/\37'59.9856" W

Element: Circular

PCC ( )P+64Jt.15.,18 253993.4800 208267.3092
CC() 254166.9179 209252.1540

__RI( ) 0+832.7625 254176.6070 208252.2009
. Radius: ~OO().QQOO •

Delta: 10/\32'34.5089" Right
Length: _._184.0087'
Tangent 92.2648
Chord: 183.7492

Middle Ordinate: 4.2294
External: 4.2474

Tangent Direction: N 9/\59'15.9579" W
Radial Direction: N 80AQO'44.0421 " E
Chord Direction: N 4/\42'58.7034" W

Radial Direction: S 89/\26'41.4489" E
Tangent Direction: N 01\33'18.5511" E

Element: Circular

PCC ( ) 0+548.1978 253894.7120 208286.1690
CC() 254600.7088 211715.3912

PCC ( ) 0+648.7538 253993.4800 208267.3092
Radius: 3501.1422
Delta: 1/\38'44.1127" Right

Length: 100.5560
Tangent: 50.2814

Chord: 100.5525
Middle Ordinate: 0.3610

External: 0.3610
Tangent Direction: NIl /\37'59.9536" W
Radial Direction: N 78/\22'00.0464" E
Chord Direction: N 10/\48'37.8973" W

Radial Direction: N 80AQO'44. 1591" E
Tangent Direction: N 9/\59'15.8409" W

0+892.7633 254236.6050 208252.7821
254246.2944 207252.8290

0+980.1315 254323.8950 208249.8135

Element: Circular
PC ( )
CC ( )

PRC ( )

I ~
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Radius:__ ... 1000.0000
Delta: 51\{)0'20.9912" Left
Length: 87.3682
Tangent: 43.7119

Chord: 87.3404
Middle Ordinate: 0.9540

External: 0.9549
Tangent Direction: N 0"33'18.6160" E
Radial Direction: S 89"26'41.3840" E
Chord Direction: N 1"56'51.8796" W
Radial Direction: N 85"32'57.6249" E
Tangent Direction: N 4"27'02.3751" W

Element: Circular
PRC ( ) 0+980.1315 254323.8950 208249.8135
CC() 254593.5616 211714.3968
PT ( ) 1+143.3323 254486.8412 208240.9737

Radius: 3475.0622
Delta: 2"41'26.9003" Right
Length: 163.2008
Tangent: 81.6154

Chord: 163.1858
Middle Ordinate: 0.9580

External: 0.9583
Tangent Direction: N 4"27'02.3643" W
Radial Direction: N 85"32'57.6357" E
Chord Direction: N 31\{)6'18.9141" W
Radial Direction: N 88"14'24.5360" E
Tangent Direction: N 1"45'35.4640" W



Element: Linear
PT ( ) 0+185.2383 253749.8301 208323.5414
PC ( ) 0+245.2383 253809.4458 208316.7616

Tangent Direction: N 6"29'17.3104" w..
'Tangen"t Length: . 60.0000

Element: Circular
PC ( ) 0+245.2383 253809.4458 208316.7616
CC() 253696.4512 207323.1660

PRC ( ) 0+335.0427 253898.0998 208302.6239
Radiu~=-_ 1000.0000
Delta: 5"08'43.4916" Left
Length: .' 89.8044
Tangent: 44.9324

Chord: 89.7742
Middle Ordinate: 1.0079

External: 1.0090
Tangent Direction: N 6"29'16.6829" W
Radial Direction: N 83"30'43.3171" E
Chord Direction: N 9"03'38.4287" W

Radial Direction: N 78"21'59.8254" E
Tangent Direction: N 11"38'00.1746" W

Review Horizontal Alignment All
Project Name: 1-10
Description:

Horizontal Alignment Name: dtrOl
Description:
Preference: default

STATION NORTHING EASTING

Element: Circular
PC ( ) 0+000.0000 253568.7620 208361.3510
CC() 253862.8250 209317.1370
PT ( ) 0+185.2383 253749.8301 208323.5414

Radius: 1000.0000
Delta: 10"36'48.1400" Right

Length: . 185.2383
Tangent: 92.8849

Chord: 184.9736
Middle Ordinate: 4.2861

External: 4.3045
Tangent Direction: N 17"06'04.9000" W
Radial Direction: N 72"53'55.1000" E
Chord Direction: N 11"47'40.8300" W
Radial Direction: N 83"30'43.2400" E

Tangent Direction: N 6"29'16.7600" W

I., •.
,it'

... -_.,....,~"- -........-~. ~

-_ ...._--------..._--

0+335.0427 253898.0998 208302.6239
254600.7062 211715.3918

0+435.1161 253996.3938 208283.8547
3484.3422

1"38'44.1074" Right
100.0734

Element: Circular
PRC ( )
CC ( )
PRC ( )

Radius:
Delta:
Length:
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Tangent: 50.0401
Chord: 100.0699

Middle Ordinate: 0.3593
External: 0.3593

Tangent Direction: N 11"'37'59.7878" W
Radial Direction: N 781\22'00.2122" E
Chord Direction: N 101\48'37.7341" W

Radial Direction: N 80"00'44.3196" E
Tangent Direction: N 91\59'15.6804" W

Element: Circular
PRC ( ) 0+435.1161 253996.3938 208283.8547
CC() 253822.9574 207299.0096
PT ( ) 0+525.6659 254084.7390 208264.1368

Radius: 1000.0000
Deita: 51\11'17.2386" Left

Length: 90.5498
Tangent: 45.3059

Chord: 90.5189
Middle Ordinate: 1.0247

External: 1.0258
Tangent Direction: N 91\59'15.6506" W
Radial Direction: N 801\Q0'44.3494" E
Chord Direction: N 121\34'54.2699" W

Radial Direction: N 741\49'27.1108" E
Tangent Direction: N 151\10'32.8892" W

Element: Linear
PT ( ) 0+525.6659 254084.7390 208264.1368
PC ( ) 0+585.6659 254142.6466 208248.4299

TaQgentPirection: N 151\10'32.8174" W
Tangent Length: 60.0000

Element: Circular
PC ( ) 0+585.6659 254142.6466 208248.4299
CC() 254404.4320 209213.5560
PT ( ) 0+774.7459 ~4~28.7130 208216.4268

Radius: 1000.0000
Delta: 101\50.'00.5600" Right

Length: 189.0801
Tangent:. 94,8227

Chord: 188.7985
Middle Ordinate: 4.4656

External: 4.4856
Tangent Direction: N 151\10'33.6900" W
Radial Direction: N 74"49'26.3100" E
Chord Direction: N 91\45'33.4100" W

Radial Direction: N 851\39'26.8700" E
Tangent Direction: N 4"20'33.1300" W
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