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Civil Engineer - Matis Warfield
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Jctural Engineer - Linton Engineers, LLC
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Cenftral Plant:
 lLocated on campus
« 3 Boillers

« 2 Chillers
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Building Layout

Lower Level

« AHU -3 Serves Lecture Hall

« AHU -4 Serves Dance Studio

 AHU -5 Serves LS Dining

« AHU-1 Serves Lower & Quad Levels



Building Layout

Quad Level
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 AHU é & 7 Serve US Dining
 AHU - 2 Serves Senior Dining

« AHU-1 Serves Lower & Quad Leve




Building Layout

Upper Level

« AHU - 8 Serves Entire Floor
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Implementing a GS

« Site Geology S
« Calculations

« Pipe SiZis

« Pump & System
 Resulfs




Project: St. John Student Center

Implementing a GSHI e ot adsheet & ASHRAE

Total Building Load (Ton)= 247 .4 Bldg Area 63000 SqgFt

(]
Outdoor Design Temp. (°F)= 95 Sq.Ft/Ton 275 SIS
Indoor Design Temp. (°F)= 75 y

Site Geology Stt smarce Termp. (11 5
Calculafions " Cooling Length

« Pipe SiZis
« Pump & System L«
« Results

e # of Bores + Depths

. QCRa o (qlc — 3-41[/Vc)(Rb Ar PLFmRm s Rgm'l' Rngsc
B F twi — two —t

9 2

Lc

ith ASHRAE

p

= Heating Length

_ qcRy + (q;c — 3.41W.)(Rp + PLELR;, + Rym+ RgaFsc

. twi — two

tg 2 —

Lc

8.1 nd Loop Heat Exchanger Length(Ft{Ton)= 201.71
15.42 Total Ground Loop Length= 4590402
75.77

58.80 Bores Required: Depth (Ft) Number
43.82 400 125
14.02 375 133

216.05 350 143
325 154
300 166
250 200
200 250
600 a3




Implementing a GSHP
125 Total Bores

Site Geology Study
Calculations

Pipe Sizing

Pump & System Layou
Results

THR
TC (MBtuh)
(MBtuh)
“ e -

16.08 367.9 61.1 19.5

Pipe Size Length Of Pipe Cost Of Pipe/Ft Cost Of Pipe

3 64000 $ 0.033| $2,112
2 16000 $ 0.0275 |  $440
15 | 8000 $ 0.0165|  $132
1.25 16000 $ 0.0125  $200




Implementing a GSHP a1\ of System

umps
Each Pump Serves 12 Bores

Site Geology Study.
Calculations

o= N
|pe SlZIng HEATING WATER 5 Pumps

TO VAV BOXES CHILLED WATER

« Pump & System Layout o e Each Pump Serves 13 Bores
» ReSulig

TO AHU'S

‘ |

(1) WATER TO WATER HEAT PUMP 4
\=/ MAKING HEATING WATER APPROX, 150F

FE '\I N e
@ WATER TO WATER HEAT PUMP L’ . Horizontal Loop

MAKING CHILLED WATER APPROX, 44F —
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Implementing a GSHP vings

7% Annual Heating Savings

Site Geology Study.
Calculations

« Pipe Sizing

« Pump & System Layoul
« Results

2.4 % Annual Cooling Savings

s 99 % lTotal Annual Energy Savings

Consumption kBTU

Existing Loads
e GSHP
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- en
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September
November
December
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SUPPLY AIR OUTDOOR AIR
81°F DB 95'F DB
68°'F WB 78'F WB

Project Background
Existing Mechanical
Design Objectives [
Alternative Description “reros s 08
Ground Source Heat Pu I late unit effectiveness
Enthalpy Wheel 3

Solarban 70XL Glass v ve
System Comparison

Final Recommendations

e supply air total flow

—p ACO wheel chart

p face velocity = 800 (FPM]

OUTDOOR AIR
7°F DB
6'F w8
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EXHAUST AIR
27°F DB
20°F WB

RETURN AIR
72°F OB
54'F W8




Selecting a Wheel

)OMS
Determine supply ¢

(CFM)

Use SEMCO wheel €
 Keep face velocl
Calculate unit effecti
Results

5,000 CFM




seleclﬁng q Wheel TOTAL ENERGY RECOVERY WHEEL SIZE

el Jesired CFM
— e } directly right until model intersection

est to 800 FPM)

ark model # down

ead directly down to find associated

pressure 10ss

« Determine supply air IOTCINHS
(CFM)
« Use SEMCO wheel chart
« Keep face velocity = 800 (FP
« Calculate unit effectiveness
 Resulfs

AIRFLOW (SCFM X THOUSAND)

L IV NLEEEN
I N A W A

© .
II | I
HIERIEN

1100
400 500 G000 FOo0o 808 900 o
FACE VELOCITY (FPM) 1000

PRESSURE LOSS (IMN. WG.)




The exchanger heat transfer effectiveness e is defined as the amount of

: energy recovered, e.jg. sensible or latent, divided by the maximum amount
S e I e C h n g q W h e e I of energy that could theoratically be recovered.

The supply air volume heat transfer effectiveness e, is defined as

Vs (X1 - X2) e calculations to determine unit
" Vmin (X1 - X3) fectiveness

- Determine supply dir total oW oK

(C FM) The return air volume heat transfer effectiveness e, is defined as :
Vr (X4 - X3)
« Use SEMCO wheel chari = Vimin (X1 - X3) ~ 80% Good
° I ~ Based on the above definitions, the supply air condition X2 can be calculated from
Keep face velocity = 800 (FPN 2Py
d . = min _
 Calculate unit effectiveness 2= K-8 =)

S
° R esuy H‘ S and the exhaust air condition X3 can be calculated from

V ;
X4= X3+ s — F-(X1 - Xa)

r

where Vs = Supply air volume, scfm
Vr = Return air volume, scfm
Vmin = Vr if Vr is smaller than Vs or Vmin = Vs if Vs is smaller than V¢
X = dry bulb temperture (°F) or moisture content (gr/lb) or enthalpy (Btu/Ib)

The indices refer to the following airstreams, as indicated in the figure below:
1 = Outdoor air condition
2 = Supply air condition
3 = Return air condition
4 = Exhaust air condition

A diagram of a rotary heat exchanger, or "heat wheel" {(From Uptime Technology BV)




Selecting a Wheel vings

0 % Annual Heating Savings
« Determine supply air TOTCINHOW

(CFM)
« Use SEMCO wheel chart
« Keep face velocity = SO00NFRN
« Calculate unit effectiveness Existing Loads
° R esu H'S = \N\ith Enthalpy Wheel

3.4 7% Annual Cooling Savings

8.4 7% Total Annual Energy Savings

Consumption kBTU

July

August
November
December
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Structural Check

+ Calculate Ib/ft2 for each AHU mRosel M < (420l s ) + 68 3] are AHU Schedule
. gﬁlcuid-ebnew e I T ark Weight, Width, & Length of
. eck slab strength | B B | ; :
. Adjust accordingly L (O = {61 | each AHU Located in Room
« Check beam strengin b S R -‘

Calculate Ib/ft? of Each AHU

« Adjust accordingly
Atv =7 = T 6oo Jbs wW=8.3"  Hess'  [=/5

ARU-B = Tlhoolbs  W=83' H:es6'  L=/5'




Structural Check

- Calculate Ib/ft2 for each AR | sleltle
+ Calculate new Ib/ft? for AHU 8 A0 B = CodVhaanliy « VETRES
« Check slab strength MooYiaals) (el el % dds

. Adjust accordingly engfh

EV\-\\'\Q\\?\I w\'\s_&\ Ot add Z‘ i len 3"“/\ : 18
\200 ibs.

« Check beam strengih
« Adjust accordingly

~ wheel [ B/ay = iz : R0 T
ARO-8 w/ wheel [ 'Bfy (8'0\00\%;(8»3 )(_n\ ,,/(03.,:%{1/

—

Ly 65 "b/pfl ‘
(S&C&\{\




Structural Check

« Calculate Ib/ft? for eachrARE
« Calculate new lb/ii? for AHENS
« Check slab strength

« Adjust accordingly
« Check beam sirength

« Adjust accordingly

Moodoal Baadi 1’ nol  Repocd

AscE -

Sleh Checke
Iy s

{:L = 5000?5'.

Vive lood = 4o 1y
Slab lmd = &7.5 ‘b/ft-,ll
AHO -8 = (3.)\15/M+

g

Load = Lz(®) + Lel) = (654D, 5\(\ 2) + (uH(1.0) = ?-‘”'%

g:_&@g 0.C. Iq,, @"7'%4 ';’> 25&'%;

‘h—_—\[ 1Yy ~'h- % = 5.94"

kib
U %844\& —

Ag= 031w D=5

o= Ag* 1 (0-3\((,0\
ovsrey  logsay O ()

¢W‘0-4@MF‘1\(A— “lY)r = 8.07Fk
2. 0784k 2 q.z1664k ™ Slakb fails

= 0.3120

Spaced Every 14" O.C.
Foils Under New Load

vace Rebar Every 12" O.C.

Recheck Slab




Structural Check Sreoctoral\ __J_ﬁ_&d_____m&_iy_i__+_ ns
Slab  Checlk

l
f
{

« Calculate Ib/ft? for each AHE 0 Does Not Fail

« Calculate new lb/ft? for AHUNS

+ Check slab strength L \djust Rebar Spacing
+ Adjust accordingly ko v | |

+ Check beam strength | s "B = 247 00 * Anadlyze Beam
« Adjust accordingly me 2 o (241 i) (ioy RS

B -
a= AR 5 (63

(035)( X‘ZB = 0O 247

M. = 0AMR) (8- /., = B.03( P i~ BN

— e e I

|3 03\aex T. Aoy by

o.8s(r. Xb\ =




Structural Check S

Top Reinforcement

Units: Width (£ft), Mmax (k-£ft), Xmax (£ft), As (in~2), Sp (in)
AsMin

« Calculate Ib/ft? for each ARE e e . Analyzed in spBeam

105.26
NOTES:

*3 - Design governed by minimum reinforcement.
« Calculate new lb/ft% for ARENS s ek s F me il S

Top Bar Details

« Check slab strength G, d Beam Cross Checked With

« Adjust accordingly eduled Beam
« Check beam strength S . e e 5 e i

MNoMN
~ )
o

~J
oo

309.57 13.500 2.408 44.722
[ ] [ ]

R B Scheduled Beam Well Oversized

Bottom Bar Details

Units: Start (£t), Length (ft)
Long Bars Short Bars
Bars Start Length Bars Start

.............................................. Beam Holds New Load

Flexural Capacity

Units: x (ft), As (in~2), PhiMn (k-£ft)
AsTop AsBot PhiMn-

-358.73
-358.73
-358.73
-181.65
-181.65
0.00
0.00
0.00
0.00
0.00
-181.65
-181.65
-358.73
-358.73
-358.73
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sulate Total Amount of Glazing
ulate Cost of Glazing

alyze Glazing Properties

>SuUlts
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Installing Solarban 70XL C

tural Drawings

Calculate Total Amo

Calculate COSHINSS

Analyze G|CIZiﬂg Prope Floor Glass (SF) Gross Wall (SF) | Percentage Glass
Results Lower Level: 736 12992 6
First Floor: 3842 12643 30
Second Floor: 2630 7462 35

Overall Total: 7208 33096 22




Installing Solarban 70XL Gic

 Calculate Total Amou
« Calculate Cost of Glazi
« Analyze Glazing Properiit
 Resulfs

Type Cost/SF Total SF Cost

1" clear/clear S4.95 7208 | $35,679.60
1" Solarban 60 $6.45 7208 | S46,491.60

1" Solarban 70 XL S7.45 7208 | $53,699.60

1" Solarban 70 XL 1" Solarban 60 1" clear/clear

$5,483.20 $4,747.20 $3,643.20
2nd Floor $28,622.90 $24,780.90 |  $19,017.90
3rd Floor $19,593.50 $16,963.50 |  $13,018.50

$53,699.60 $46,491.60 |  $35,679.60

5 SF By $/SF

ypes of Glass




Installing Solarban 70XL

Calculate Total A )otained From

Calculate Cost of
Analyze Glazing Pro| Glass U-Value Shading Coefficient :
Results netalled & es Obtained From

Solarban 60
Solarban 70XL




vings

Installing Solarban 70XL Glass

% Annual Heating Savings
« Calculate Total AmouniFoRGIS

« Calculate Cost of Glazing
«  Analyze Glazing Properiies
« Results

6./ 7% Annual Cooling Savings

S
I<;
=

13 % Total Annual Energy Savings

Consumption kBTU

Existing Loads
—\\ith Solarban 70XL

zzzzzz

November
December
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$1,800,000

Project Background imize Distance Between Cost &

Existing Mechanical Summel o back Period
Design Objectives o " *
Alternative Descriptions
Ground Source Heat PUmps
Enthalpy Wheel

Solarban 70XL Glass
System Comparison

Final Recommendations

Analyze Owner’s Intentfions

$1,200,000

5100000 Make Suggestion

$800,000 == Payback Period

$600,000

$400,000

$200,000

VVVYVVYVYYVY

GSHP Glass & Wheel  Everything
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