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Background Information

e $47M

e O stories

e 267,000 SF (GFa)

e 268 rental units

* Ground floor retail tenants

e Design-Bid-Build

e Construction: March 2012 - March 2014

Storage
Portfolio LLC
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Prevention Through Design

“The fatality rate for excavation work is 112%
higher than the rate for general construction.”

Key Takeaways

‘means & methods selection by contractor
esupervision & inspection
thorough geotech. investigation
effective communication b/w
engineers & contractor
*Design-Build delivery method
recommended



/ Foundation System
Louis at the 147

. Introduction As-Built Public Alley
Il. Depth 1- Prevention Through Design Research North: Capped APG Micropiles (9-stories)

lll. Depth 2- Foundation System = : :
4 Structural Breadth South: Piers on Spread Footings (6-stories)

b. Cost & Schedule Impact

V. Depth 3- Site Specific Safety Plan
a. Dewatering System Geotech. Report
b. Excavation Support & Workflow ol & %

V. Depth 4- Geothermal Loop System Clays & Sands

. . y .
a. Mechanical Breadth sestimated a 4-5’ thick 14th St NW
b. Constructability Issues mat slab '
C te pier + footi 14"d d pil Spread Footings
C. COSt & SChedUIe ImpaCt .underplnnlng Concerns F;):tfi:\eg:rzlr?gre fr?:oc:n :’gﬁ”m’ﬁ" to 11'x11’ wfca;:ger pressure grouteciplles Elevations 96.5
Elevations 59-64’ Tip elevations 46-49’

VI. Conclusion & Acknowledgements
*budget concerns

EXisting Foundation




.@uis at the 14tﬁ

|. Introduction
. Depth 1- Prevention Through Design Research
lll. Depth 2- Foundation System

a. Structural Breadth

b. Cost & Schedule Impact
V. Depth 3- Site Specific Safety Plan

a. Dewatering System

b. Excavation Support & Workflow
V. Depth 4- Geothermal Loop System

a. Mechanical Breadth

b. Constructability Issues

c. Cost & Schedule Impact
VI. Conclusion & Acknowledgements

Structural Breadth

Constraints
*soil bearing capacity: 2,000 psf
slab area: 44,175 SF
slab perimeter: 900 LF
largest column load: 1,100 kips (18x24)

Total building loads:
North: 20,770 kips South: 35,230 kips

Results:

36" thick w/ #9 rebar @ 6" o.c.
4,000 psi concrete
5,300 CY & 300 tons rebar
*3-4" work mat included

Public Alley

14t St, NW

osed Mat Slab Foundation




py Cost Impact Schedule Impact
Louis at the 147

I. Introduction Total Duration

Il. Depth 1- Prevention Through Design Research Total Cost (O&P excluded)
lll. Depth 2- Foundation System Concrete: $1,412.185

a. Structural Breadth
b. Cost & Schedule Impact Rebar: $751,026

IV. Depth 3- Site Specific Safety Plan $2.163.211
) ]

a. Dewatering System

Public Alley

Concrete Placement: (24 workdays w/2 pump crews)
500 truckloads
1-day pour

Rebar Install: 26 workdays w/ 20 rodmen

b. Excavation Support & Workflow 27 workdays
V. Depth 4- Geothermal Loop System

- Mecnanica Breadin ] Actual Cost Actual Duration

: uctability Issues o _ _ e

c. Cost & Schedule Impact North (micropiles): $450,000 . N

VI. Conclusion & Acknowledgements South (spread footings): $300,000 North (micropiles): 90 workdays w/ 1 drill rig crew
$7 50 OOO South (spread footings, fdtn walls, strap beams):
)

35 workdays



p Dewatering System
Louis at the 147

. Introduction

Public Alley

. Depth 1- Prevention Through Design Research Modifications:

lll. Depth 2- Foundation System
a. Structural Breadth Actual Plan: * 28,500 SF larger area
b. Cost & Schedule Impact ,

IV. Depth 3- Site Specific Safety Plan public Aley * 10 shallower South,

a. Dewatering System 10’ deeper North

b. Excavation Support & Workflow

V. Depth 4- Geothermal Loop System * 4 extra wells (11)

g- Mechanica'bBlreadth - each well 40-50’ deep 14% st, NW
. Constructability Issues . an'’ R
a CtU a | . 6 O Depth to Groundwater | Groundwater Elevation
c. Cost & Schedule Impact ( ) Tt g, | PG | S
VI. Conclusion & Acknowledgements  extra standby .'}__;1 " igl
te m po rary p u m pS 4 . ' 2 35 Discharge Point
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Anchored Sheet Piling
22’ depth
equiv. fluid pressure: 1320 psf
cost: $565,290

Advantages:
fast installation
structural capabillities
*seepage control
*maximizes useable
space (<1” thick)
* little risk of blowout

Flagger rrsrrrstessrasiisscoosHpR g pescoissstrpsstaTareR et Flagger

14t St, NW

Excavation Access/Egress & Workflow




Mechanical Breadth / Geothermal Loop

Vertical Closed-Loop Geothermal Well System

@uis at the 14tﬁ

. Introduction e | O =  north footprint well field: 17,000 SF
. Depth 1- Prevention Through Design Research Existing Ground Floor , | e well spacing: (e
ll. Depth 2- Foundation System System: . 46 wells @ 300’ deep, 1 well @ 150’
a. Structural Breadth ) . P
b. Cost & Schedule Impact * water-to-air * 1 %" U-tube pipe
V. Depth 3- Site Specific Safety Plan  serves 13,020 SF e 10% antifreeze
a. Dewatering System * 93 nominal tons heating/cooling » 436 gpm (includes head loss)
b. Excavation Support & Workflow * (14) water source heat pumps . (1) 244 MBH boiler
V. Depth 4- Geo?hermal Loop System » (2) 5 SF direct outdoor air _
a. Mechanical Breadth Tt [l = * (1) 63-ton cooling tower
paCansinetabiitylisses * (2) 5 SF relief/lexhaust louvers
c. Cost & Schedule Impact . (2) 712.5 MBH boilers

VI. Conclusion & Acknowledgements .
oo e * (1) 155-ton cooling tower

Image by ghpsystems.com
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 spacing & depth adjustments
* micropile coordination

* soil conductivity interference
 tenant negotiation

e ongoing research:
foundation-encased wells

Concrete pier +
Footings range
Elevations 59-6

ead Footings
/ations 96.5




py Cost Impact Schedule Impact
Louis at the 147

Total Duration

|. Introduction

Il. Depth 1- Prevention Through Design Research Total Cost (O&P eXCIUded)

lll. Depth 2- Foundation System .
a. Structural Breadth R.S. Means Assembly: $105,555 (excludes GSHPs) * 1.5 wells / drill rig / day
b. Cost & Schedule Impact $23-$45/SF: $299,460 - $585,900 » 47 wells with 2 drill rigs

V. Depth 3- Site Specific Safety Plan
a. Dewatering System
b. Excavation Support & Workflow

V. Depth 4- Geothermal Loop System Cooling Tower & Boiler Downsize: $52,376 savings

$1,500-$3,000/ton capacity: $139,500 - $279,000 = 35 workdays

* actual micropiles

a. Mechanical Breadth o - = 4 months with 1 drill rig
b. Constructability Issues _ A _ N
c. Cost & Schedule Impact Energy Costs (annual): $10,416 - $14,322 SRy * equipment mobilization

VI. Conclusion & Acknowledgements Maintenance Costs (annual): $1,302 t = advantage
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Depth #1
(Prevention through Design research)

Depth #2

Foundation Redesign
Recommended for Quality

Depth #3
Site Specific Safety Plan

Permanent Sheet Piling, Dewatering System, Workflow

Depth #4
Geothermal Loop System
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Mat Slab Appendix Sheet Piling

TF-Aug-13

Item/Activity Quantity  Unit Crew Daily Output Labor Hours Total Hours Total Days

Concrete Placement: ili
e 200y, Sheet Piling System Costs (per SF)
direct chute, pumped 5317 CY 110 0.582 3094
2w 2 ~ o0 |22 | om0
*crew C-20 includes:

1 labor foreman, 5 laborers, 1 cement finisher, 1 equip operator, 2 gas engine vibrators, 1 concrete pump

| Material | labor | Equipment| Total |Total + O&P
Rebar Placement: 2D' deep excavation, 27 psf, left in place 521.50 53.0? 53.98 528.55 532.50

Slab on grade, #3 to #7 3004 Ton 4Rodm 23 13913 4179 13: I A e
i} r

Mat Slab Total Work Days:

03 30 53.40 Concrete In Place Cost Each

e L ftem/Activity Material Install Equipment Total

Foundation mat (3000psi), over 20 CY 178 87 0.58 265.58
Cost: 51,412,185

5 Form/ReiniPlace Eeva
FormiReniPlacs Foun
40 FormiFenliPlace Foundaio
Reinforcing Steel general rule of thumb:
#9 rebar 52500/ton
Cost: 5751,026

TOTAL COST: $2,163,211

FermiRerniPlaces Foundao

SRR L R S B S R S B S R
£ U T B S B S L I S R S R
L i ]

i
I

-
-

30 FermRenlPlace Foundabon Waks!Col P2 1o




Mat Slab Appendix

To calculate the size of the mat slab, column #446 is used to evaluate punching shear with
a tributary area of 207 x 13.5” that represent the largest column and the I3
structure.

Slab Area=44,175 ft
Perimeter = 900 LF

th = 0.9 for flexure ¢ = 0.75 for shear

Maximum soil contact pressure = 2,000 psf Calculate d:

Total load at top of footing for all columns = 56,000 kips Jw == (BL—W*)
1__4‘1_,1?[‘_:_ kips northern footprint V.=190psi q=4012psi W=24" B=162"0or13.5° L =246"0r20° 6"
35,230 kips southern footprint)

d* (190 + 5 + d (190 + = w = 1222 (162 % 246 — 24%)

total gravity load d=33.5"

— < soil bearing capacity
building area geap : Calculate b:

56,000 kips lbs _ . o - .
44,1755F I'DDDHF 26Bpsf = 2,000 pst \/

875 - 407

Largest Columns Loads: southern footprint = 1,100 kips, 18x24, column #46 _ _ _
d with clearance adjustment: d=40-3

northern footprint = 810 kips, 16x24, column #107 Calculate £:
Calculate Q:

P=1,100kips Pp=500kips Pv=600 kips Calculate pM, using #6 bars @ 12" spacing:
- 1.96(2) = 3.92"

P,= 1.2 Pp+ 1.6 P. = 1560 kips oM, = A, 60 ksD(d - ©)

5 w1 (WIN Aein v (17 Al Y et 1.964. 3
- 577 kst x 1,000 lbs/kip x (17/127) = 40.12 psi oM, = 0.754,(60 ksi) (d - 19n s }

0.005 \/u. b = 0.9

Calculate V: oM, = 988 ft-k
V.= gj).:l.w.-'_ft;' Calculate M, (maximum moment):

2 2469 f k Final Result: 36" thick mat slab; 4,000 psi concrete w/ #9 rebar (@

W.=0.75(4)y/4,000 = 190 psi (4,000 psi concrete to be used)

~ = 1.679 in* — use #9 rebar size
5]

M, — 31086 ft- k > 247 ft-k v



Geothermal Loop Appendix

Public Alley

Public Alley

ASHE ADDED
GLYCOL SYSTEM,
SEE M3K-0.6
112712 LR

| WAKE-UP COMKECTION |, 3

Py
Py
y
i

14th St, Nw MECH RM FLOOR
PIPE COES NOT REQUIRE I*‘ ‘f""l

14th St, NW
Concrete pier + footing 14”d auger pressure grouted piles Spread Footings b2z A | (g} WATER SOURCE LOOP SCHEMATIC __ PROVIDE SHOT FEEDER
SCALE: NOT TO SCALE ——AS INDICATED IN SPEC

Footings range from 4’6”x4’6" to 11'x11’ w/caps Elevations 96.5 Concrete pier + footing 14”d auger pressure grouted piles Spread Footings HoTES: Ze0AAS, ASI#6 REMOVED AR

i i i i '6"x4’'6” 'x11’ i ! e SoalL BF BLADDER TYPE. SEPERATOR DETAIL AND
Elevations 59-64’ Tip elevations 46-49’ Footings range from 4'6”x4’6"” to 11'x11 w/caps Elevations 96.5 TN VOUNE = 100 Gallows ' SEPERATOM DETAILS

Elevations 59-64’ Tip elevations 46-49' 2. SYSTEM FILL PRESSURE SHALL BE SET AT 45 PSIG. . 11/27/12 LR

Spacing: 20°d  # Wells: 29 Spacing: 15'd  # Wells: 52




WATER SOURCE HEAT PUMP SCHEDULE (PROVIDED BY TENANT)

I I s o s [ e ] "™ |
I I T |

IS T N N 727 I

S SHALL BE EQUIPPED WITH ECM MOTORS. ( X

s : .
2. R-410 REFRIGERANT ONLY. o SCHEDULE AS EXAMPLE
. COORDINATE ALL ELECTRICAL REQUIREMENTS PRIOR TO ORDER.
. PROVIDE UNIT WITH NERV § FILTER. . ONLY WSHP'S BY TENANT.
. WSHP'S SUPPLIED BY TENANT
. TENANT T0 PROVIDE HOT GAS REHEAT DEHUMIDIFICATION AS REQUIRED. ~ ~ g . IASI#6 ADDED NOTE.

11/2712 LR

Table 3
RECOMMENDED LEVELS OF ANTIFREEZE SOLUTIONS
FOR GCHP SYSTEMS

Recommended % Volume of Propylene Solutions

Coil Type itc % by Volume % by Volume % by Volume
ipe 60 to 63°F Ground | 52 to 59°F Ground | 44 to 51°F Ground

GPipeorBqv.Sinky | 6 | 10 | 15 | 20 |

— oPpe | 2 | 10 [ 15 | 20 |

| Vertical3/4"Pipe) | 2 [ o0 [ 10 | 20 |

| Vetical%”Pipe) [ 2 [ o [ 10 | 20 |

Warning more antifreeze will be required if loops are shorter than those recommended in
Tables 1 and 2.

Table 1. Recommended Lengths of Trench or Bore Per Ton For GCHPs
Multiply length of trench by pitch to find required length of pipe.
See Tables 4 and 5 for Thermal Conductivity of Soils and Rocks.

I T Ground Temperature - °F

Coil Type Ft. of Pipe per Ft.| 44to | 48to | 52to | 56t0 | 60to | 64 68 to
(See Figure 1 for Details) | Trench (or Bore) 51°F
Forz. 6-Pipe/6-Pitch Slinky | 6 | 180 | 160 | 150 | 160 | 180 | 200 | 230 |
| Horz.4-Pipe/4-PitchSlinky | 4 | 190 | 180 | 170 | 180 |
| Horz.2Pipe [ 2 | 300 | 280 | 250 | 280 | 300 | 340 | 400 |
| Vertical U-tube 3/4”Pipe) | 2 | 180 | 170 | 155 | 170 | 180 [ 200 | 230 |
| Vertical U-tube (1" Pipe) | 2 | 170 | 160 | 150 | 160 | 170 | 190 | 215 |
Vertical U-tube (1%” Pipe) 145 | 150 | 160
Table 1 based on k=0.6 Btu/hr-ft-°F for horizontal loops and k=1.2 Btu/hr-ft-°F for vertical loops and an
annular fill/grout conductivity of 0.85 in vertical loops. For other conditions:

Wl I SR ] ) o]

Geothermal Loop Appendix

ftemfActivity Quantity Unit
Original Design:
162 ton Forced-Draft Type Cooling Tower

1 TonaC

1,460 MBH Gas/Qil Fired Boiler

2
oL

Proposed Design:
300 MBH Gas/0il Fired Bailer
1 Ea

91 ton Stainless Steel Induced Draft Cooling Tower
1 Ea

Total Savings: 552,376

;)
L

284

O

Material

')

Total

181.95
$29,476

34700
$69,400

13075
$13,075

33425
$33,425

Mechanical Assemblies Estimate

| Quantity | Unit | Material
1480  |Unit Heater 5032 MBH 67
[ 267000 | |$i161,450] $939,840

1080 |[Boiler1088MBH | Ea | 14300 | 6500
[ 2 | | sas800 | $13000

Total
7.87
52,101,290

21400
2,800
6.55
1,748,850

3.52

1300  [Closed Loop Water Cooleq 3.1

] $827,700

i

—
= 5 | 2s1 | 34
[ sTreom | sonewm
E—T
5 ]
|
%

F
F
$1,708,800
TOTAL HVAC COST: 55,601,740
F
F

Q
=
-
] [
H |
=]

5
5
5

1320 . i
$1,957,110 [ 52,162,700 | $4,119,810
5 15.63
[ [52,856,900 | 51,316,310 | $4,173,210

Actual Cost: $4,365,000

15.43
)

1280

Geothermal Heat Pump System 50 Ton, Vertical Loops, 200 LF Per Ton

Cuantity

3

Mobilization Excavator 2

Mobilization crew and eguipment 2
Mobilization drill rig 2
Crrill wells 8" diameter 100
Pipe loops 1 1/2" diameter 200
Pipe headers 2" diameter 1600
U-fittings for pipe loops 50
Header tee fittings

Header elbow fittings

Excavate trench for pipe header
Backfill trench for pipe header
Compact trench for pipe header
Circulation pump 5 HP

Pump control system

Pump guages

Pump gauge fittings

Pipe insulations for pump connection
Pipe for pump connection

Pipe fittings for pump connection
Install thermostat wells

Install puage wells

Thermometers, stem type

Gauges, pressure or vacuunm

Pipe strainer for pump

shut valve for pump

Expansions joints for pump

Heat pump 50 tons

=
o=
==

= -
[, ]
L

un

F Y

[ RS

[¥5]

[ %]

| %]

(R N R L

Adjusted
300 LF/ton; excludes heat pumps & mobilization

Linit

Ea
Ea
Ea

Cost Each

Material Install
544
377
169

BR300

28000 3BBO0

3696 3840

o B = =
[ |

1410
£3.5

187.7
114.28
115.42 135.02
750.72 1058.72
278
283
305
13200
$140,012

(=]
o
[ =1

oL
L]

=]

F$19,723 "$86,922 $105,555
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