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Abstract/Summary:

The NOvA Surface Prototype Detector is being dismantled and the experimenters will be
removing the existing scintillator oil that is contained in this detector. Saving this oil for
future use makes economic sense due to the initial cost of the oil. Modifications to the
underground Near Detector will not be included in this project.

Four, 3000 gallon polyethylene double walled tanks with secondary containment will
provide the required storage capacity. Each tank will be supported on a concrete slab that
is poured directly over an existing blacktop parking lot slab. Due to the existing slope of

the blacktop, each tank support slab will be separate to avoid having the end slabs thicker
than the middle slabs.



The slab reinforcing was designed by using two methods shown in Slab on Grade
Reinforcing Design by D. Matthew Stuart, P.E., S.E., F.ASCE, F.SEI, EECB, MgtEng. A
copy of this publication is included at the end of this note.

The first method’s Design procedure considers the range of temperatures the slab will be
subjected to, while the second method is based on the concrete to steel strength ratio. A
minimum 8” thick slab was used for both procedures. The second method produced a
result indicating the required reinforcing will be #6 bars spaced at 12” on center, placed
2” from the top of the slab, in both directions.

A six foot by six foot by six inch thick concrete slab was designed by using the 1984
CRSI Handbook chart for slabs on ground on page 13-61. A copy of this chart is also
included at the end of this note. This slab will be for the pump and electrical hookup. A
6°-0” X 6°-0” x 6 thick slab reinforced with WWF 6 x 6 — W2.9 x W2.9 welded wire
fabric located 2 from the top surface of the slab will be used for an allowable load of
400 to 500 psf.

See Drawing F10056447 for project location and Drawing F10056076 for slab details.
Reduced size copies of these two drawings are included in this Engineering Note.

Applicable Codes:

Building Code Requirements for Structural Concrete, (ACI 318-02), American
Concrete Institute, Farmington Hills, Michigan, January, 2002.

CRSI Handbook 1984, Concrete Reinforcing Steel Institute, Schaumburg, IL, First
Edition, 1984,






Protects Bulk Smrage Profits
Without Jeopardizing Safety or the Environment

Flanged Outlets and other fitting designs can be Boted and Threaded Ma::ways are
securely fastened and sealed fo many of the large flaf availzble in sizes up fo 24", Standard
areas located on the top section of the tank {optional). sz 18" threaded manway.

—— QSHA Approved Ladders are
available with and without cages in
fiberglass and sfeel construction.

U-Vent Assemblies are available
in a variety of sizes fo refleve

VaCLIUM pressures. s

!
Fill andfor Draw Pipe Assemblies \ Molded in Tie-Down Lugs
can be installed fo facilitate differont & : inferface with optional cable restraint
material loading or un-loading system fo meet seismic and 150 mph
requirements. {opfional). ~—— . ‘ wind foad requirements.
U.EO. (Unifled Fitting ul i : Outer Containment Tank providss
Outlet) is uniquely designed ﬁ i : 115-120% of inner tanks capaciy for
fo mechanically seal fitting added safefy factor. Complies with
outlet through both the ; 40 CFR-264.193.
inner and outer tank walls.
Material unioading is easier AR Double Wall Tank Construction
and more cost effective than , encloses and interiacks outer and inner

pumping contents from the
fop of the tank (optional).

fank fo prevenf rain, snow, and debris
Patent No. 6,474,496 from entering outer containment tank.

Double Wall Tank System
Ideal for Mini-Bulk Chemical Delivery Programs

Top Draw-Tube Assembly Flat Surface Arcas provides ample space on top for
enables materia! contents fo be safely a variefy of fiing sizes and styks.

dispensed from the fop of the tank

{optional)

Two Tanks within one design provide double-wall
protection.

2" Vent provides presstrre vacuum reliel

for interior fank. (optional) Narrow Diameter provides location versatifity in that

g / it can fif through most any doorway on sizes up fo

g 130 galions,
Available in XLPE and HDLPE P\\_m__ﬁ_-f""
resi packages. Secondary Containment Tank
proviges 120% of inner fank'’s capacily, Complies
with 40 CFR-264.193.

Transition Fitfing allows sidewall safe
instaligfion and long-{arm sealing power

throgh boif wals of tank. (optional All Other Snyder Indusirial Product Fitings and
accessaries are available wherever applicable.

Forkiift Channels are available - .
on 275, 360 and 500 gallon sizes. F - T RS

\@ ;‘}}

PatontNo. 6474496 e, ] D

g

[

www.snydernet.com



Leak Detection Sensor
Capacitive proximity sensor
detects and communicates the
smallest of leaks with an easy
to understand warring signal.

Other Options
Bolted and seale

d manways,

heat trace and insulation, and
most other Snyder tank fittings

and accessories.

Level indicator

Ultrasonic level indicator with digital
display measures the inner tank's
slightest liquid level changes.

s

Modified to accommodate
douhle wall construction and
{zke advantage of our outer
containment capability.

Transition Fitting

U.F.Q. {Unified Fitfing Outlet)
design aflows side wall fittings
to be installed and safely sealed
through both walls of the Captor
Containment System.

Seismic Restraints and Ladders
Molded-in tie-down lugs and cable
tie-down system meet seismic and
150 mph wind load requirements,
OSHA-approved ladders are also
available.

Tank Material Options
High Density linear polyethylene (HDLPE) or cross-linked polyethylene (XLPE).

. GaptorContainmentSystem
Part No. Height

SPECIFIGATI

Gallons Diameter

50400/50300 550 76" 865"

54700/54500 1,100 76" 104"

54900/54600 1,550 76" 136"

55700/55000 2,600 1027 103"

55800/55100 2,500 1027 1227

55800/55200 3,000 1027 142"

56000/565300 3,500 102" 158"

56100/55400 4,000 102° 178"

56200/55500 4,500 102" 197"

56300/55600 5,000 102" 2187

56600/56400 5,500 1207 172"

58700/56500 8,500 1207 199"

10064/10065 8,700 142" 187°

Al Snyder specific gravity ratings meef or exceed ASTM D-1998.

10066/10067 10,000 142" 226 Consult your Snyder represenfatives on material consruction
10311/10312 12,500 142" 274" recommendafions for your company’s particular applicafion.

www.snydernet.com



Leak Detection Sensor
Capacitive proximity sensor
detects and communicates the
smallest of leaks with an easy
to understand warning signal,

d

"

Level Gauge
Mechanical swing-arm type levet

gauge for visual level moritoring.

All plastic with PYC bushing
Kynar® rods and HDPE float.

Forklift and Pallet Jack Accessible Design

Larger 275, 360 and 500 galion sizes are
equipped with forklift channels designed to
help move the containers when full and empty.

Transition Fitting

Allows safe sidewall installation and long-
term sesting power through both walls of

tank.

Stands

Mini-Captor tank systems (35-275 gals.} can
be mounted on elevation stands, creating
mere room for plumbing and other system

Other Fittings and Accessories

applicable Snyder Industries fittings and
accessories can be integrated to complete
tank sysiem.

All

requirements without ufilzing addtional floor
space, Pafent No, 7,059,575

Tank Material Options

L FIGAT

High-density linear polyethylene (HDLPE) or cross-linked polyethylene (XLPE).

I0RS

C Lot Mini-Captor Tank Systems.
Part No.

Gallons Diameter Height
1010002N— 15 23" 23" 8"
1010202N— 30 23" 35" &
1000112N— 35 22" 36" 5"
1010402N— 55 28" 36" g
5680002N— 60 26" 41 14"
1010602N— 100 33" 44" g
5700102N— 120 34 51" 14"
1010802N— 140 30X 48" 8"
5710102N~ 150 34" 62 14°
5740102N— 275 47" 63" 18"
5760102N— 360 53" 63" 18"
5780102N— 500 537 81" 18"

www.snydernet.com




Protect Your Liquid Assets!

Reguiation is becoming increasingly siringent in the
formulation and enforcement of chemical containment
legisiation. Berm and tank-in-a-basin containment
systems, thought tc be modern, are now found to be
inadequate and not compliant.

There is an answer. Snyder’s polyethylene tanks with
secondary containment systems can safely store a
wide range of hazardous chemicals. Our double wall
(tank-in-a-tank) designs are being increasingly utilized
as a supplementi or alternative to secondary contain-
ment requirements. The design features built into Sny-
der's Captor and Mini-Captor Tank Systems increase
safety and protect the environment without jeopardiz-
ing your profits.

Consider the Benefits...

» Tank-in-a-tank design provides TOTAL containment protection in one space-saving unit.

= The system consists of a primary tank with a secondary cuter containment tank with a capacity
of 115%-120% of the inner tank’s capacity, exceeding EPA standards.

+ Double-wall construction is completely enclosed so that external matter such as rainwater, snow
and debris is prevented from collecting in the outer containment tank making it ideal for outdoor
chemical storage.

« Shipped fully-assembled on either a standard or wide-load flathed trailer which reduces field
assembly costs.

* Available in sizes ranging from 35 to 12,500 gallons.

+ Available in High Density Linear Polyethylene (HDLPE) or Cross Link Polyethylene (XLPE)
construction. Having a choice provides ultimate chemical compatibility and performance.

« Tanks designed with wall thickness equal to or greater than ASTM D-1998 standards.

Your Snyder Double Wall Tank can be customized with these options...

» Seismic restraint system (for 35-12,500 gallon sizes).

* 150 MPH wind load restraint system (for 35-12,500 galion sizes).
» Uitrasonic level indicators.

+ Leak detection sensors.

* Heat tracing and insutation.

+ OSHA compliant tadders (for 550-12,500 gallon sizes).

*  Variety of manway sizes and styles.

* Bottom sidewall outlets.

+ Top inlet connections and vents.

www.snydernetf.com



UH/BOT APPROVE
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Snyder intermediate bulk containers {IBCs) are durable, corrosion-
resistant and economical. These long-term, reusable containers are
ideal for the transportation of both hazardous and non-hazardous
liquid materials.

BULK STORAGE & PROGESSING TAHKS

} &
— For larger stationary applications, Snyder offers the industry’s
) - broadest range of tanks — from 8 to 16,500 gallons — in shapes
— [ that meet your specific needs. To match your special function

requirements, we alsoc market a complete line of accessories,
such as stands, seismic tie-downs, ladders, fittings, gaskets, sight
gauges, heat fracing and insulation.

e

Stationary tanks store from 8 to 16,500 gaflons.

MINI-CULR/CHREMIGAL FEED STATIOMNS

Long lasting, corrosion-resistant tank and containment systems that
provide the perfect solution for mini-bulk delivery programs. Complete
and ready to use Chemical Feed Stations allow you to handle small
amounts of liquids and other chemicals in a safer and more efficient
manner than drums. The Chemical Feed Stations can be located close
to your customer’s use point, thereby eliminating th need for them to
move and handle heavy drums and tote bins of hazardous materials,
while at the same time eliminating the handling costs and inconvenient

Mini-bulk containers with containment. disposal of drums and one-way tote bins.

GHE SOURGE DOES 1T RLL
Whether you are a manufacturer or distributor, Snyder Industries can help you improve
the function, economics and performance of your company's bulk handling systems.

‘ ' INDUSTRIES, INC.
SOLUTIONS IN BULK HANDLING

F.O. Box 4583 * Lincoln, Nebraska 68504 * 402-467-5221 * FAX. 402-485-1220 * www.snydemnet.com » email: safes@snydemet.com

f

Cther manufacturing faciliies: Marked Tree, Arkansas * Chowchi¥a, California * Philippi, West Virginia » Mancelona, Michigan

www.snydernet.com

Printed 82014



Ny A é&f"\f’}f/LA’;"&ZJ ity PS4

bOELLE THLKS, ¥es, 25, 29/

Il JLrg o1 GAZE FUE 4, 3000 GAL. TAIKS -
VEYITY OF S1t= tiL o= 105 e = 8,762 *p,
Ve BpoOGAL = 262 e #

TAlK piAMeTel = oz

/
= 2,5

ARzh , BOTTOM OF TAu L = ﬂ’(aﬂ% = 56,75 prz
DENING PREpPIRE = 20208 fpi 75

= é? # f—;Z-

WK {e- dooc pe1 £ ?y = é.a/cmr‘i! 2
AoV BES. Peedsiee = Blo.25 L) (AC 10,57
- o070/p 85 ) deees P IF1)
= 2380 RSl

AR BEE, PrepSuRE(JHLE /144 = BAT ps|
423800 2K

Appd g Xk 4LAB
Vi vigd MerHor | ¢

K= GUDR) [ (2(fs ~Totry)  Moe= ThlA
= (190(12)(2)) = 474
CZ(%d?OD = (10(5» p7¢€) (22 \’Déh -p_.- =04 (H(/ﬁ)
= ] = o.4( 474)

= 0;33 IHQ/FT' r5’M‘.lléT&.n' - !90
471244 of petrle "
T = TeMe BAH4E af;‘ c<= by O™
e sLAS (F7) By > 29000000

pehigH NeTHoD Zs

= (36 Vaero+8) /45000
= 0.4 IN?/F7
use ‘té& j2." A, WhY ks o4 1N~
Lix GO b0 PLBLCTRICA bb !
Yehlg Thiell FEoM Cl( hhdp Back, 1944 PA4E 124
"hLhEh OH et 2N
LUALAB W) 1R OXb W29 X W2, 6 iy =
Vroy s 4w -500 psf cAPAL ™Y Y




NOVA AL TILLATOE N \ K. J. W
LOEAGE TEEK,

03&7
veB. 23, 7216

VoHI LK frag ol 4RIZE FUR 4, 3000 GAL. TAKS :

VY| TY OF btillriiwog = 105 Fhe = £.762 gp,

S Booo GAL = 262 e #
Thilk- pAMeTER = 1027,

= 8.5
AREL  BOTIOM OF TAL L = Tf{&sJ%_ =bt. 75 pr&
CENRIILG PR/ JLEE = 26228 [5L.75
== 4&?# -
WR {c= dooc pe 2 ¥y = bo,coo el 2
ALLev, BES . PredsleE = Blo.e5 fe) AY 0. 17

o.70(p.e5 (4 P 1P1)
= 2380 P%(

Aerine BEG, PRreuSUREZ(\JHLE /4t = 5.4T g5
£ 2380psl 2K

|

kppe gl ek 4148
veolgd MeTHow | ;

A= (GUDY) [ (2(fs -Toy) — MOR= 7, 6 4eco
= [190(2)(&))

= 474
o) 2335008
= 0,2% !“¢/F'|' fg,’%:gw({f = |90 ‘

472e4 ot RelHF
T = TeNe BM4E oF  O5F 3 it

He 548 (F°) B4 = 29000080y

pehlGH NeTHoD 4
ko = (31 +) /%

= ( 36( [Fero %8) /45000
= 0.4 IN?/F7

RV wat P
6“)4 49'—-0)&/;’—0 BLe TR kAL 4»9:

il FeoM CB | ke 1964 FrgE 15
P sonL g o i, MEERRER

CUYLAB W] | IR ©Xb W2IX WL G Wiy
Provioss 40 -500 PSE EAPRUTY ok




!

'z K3 | ¥ N S | 9 | L

am | aawg wpon sy | I0is

|
e A 4t 3

R -]

N¥1d JLIS

- . =B

Gaam T oMmyEd
AT RTIvIANG boYR TV A

AGHING 40 LN AYIIO SUYIS TIUNN
AHQIVEORYT HOLYYIT300Y TyNauYk my3d

25 S " NV 333 Ion o0
P ava ey M S0 SI0A1 diveE TV i
w1 Jeifgoa [ zo | b
ava
BN ECRES BN

0282 |uvo EETIE | MDA Fwarghis ZETTHN

“. ooy

ONITTING

O\ypLo3Lda

' AS8
%\\\
o
w NOILYONNOS MNVL
T HIVZ 20 3AS HLYON 3HL NO ,SH3INuEVE
{ious AZSHAR, 3LIMONOD 0—8-2 TIVISNI
- o012t 0L SONNOYD % SCVOoY BvTIW3d @ Z _ v\_W_d\ ﬂ_
z _ o _ P * = f 9 L ! g




ATIERHEESY WHVA MNYL MOLYTUUNIDS

S FIN0

ASHENG 40 INFUHVA30 SIS J3LING ﬁ v

1 =t | esa T ana | gar | sen

ADLVCR IRV oI Inas R

N R e 3 "

atva NISTTIE'R CHIAIENS TR w)

“GE-V MISV QL WHOINDD TIVHS S3LVd 13318 "WHNLINHIS'E

“SAIIAI0 TVHNLIZL FHORY ONY SMldId

ONY ININSIRE YO INVHDZN ONV TVOIHLOZTE H80d S301A30 NI-1ing

HZHIO OV SIMISNT 'S3AITIS 'SLNOLOD JIVADIOV ONV H3d0ud 201A0MS
Ol SV 05 ZUUONCD 40 BNIIVTIY FHE SLVRTOH00D TIVHS HOLAVHINOIGAS 2

‘BIE QUVONVAS [0V 40 NOTLIGT LISILV] 3HL A8
02 IN0TR HOAONY SENIAYH0 3HI NO NAOHS SV 38 -TWVHS W3AGD 2LIHONOT'S

‘15d 000F 39 TIVHS SLIHONCD TWBNLONYLS HOJ MIONIHIS AVO 52 RORININ'G
*BIE OHYONY.LS
19V ALIHONOD OIOU0MNITY MOJ 3000 aMIIING 40 SLNSWEH
SHL HLTR JINVOHOIOY NI 33 TIVHS JIHSNVAMHOA ONY J<mmmﬁmﬁ.*

"SI LS 9 SIVID HOJ 2T HILdVHD
[3Y 0L WHOSNOD “TWHS SONIAVHO 3HL NO NAOHS 1oN S301ES Jdvi'e

"S1E QUVONVLIS [3Y 0) WHOGNOD "TWVHE STHVLIEA ONIOHOINISY S

"0 HOVHO
'CIGV WISY 40 SINIAZHINDSY SHL 01 WHOINGD TIVHS Suvg ONIJHOINI T T

SEON IFIIEOR0T LTS

CINGALSINDS QIVS GNTSvRYG WOMd L INSSY
AYH HOIHA BENSIXT ANY HYAQ TVHS ORY SLINGNOD GNY S3did SNTISYT
GNADYY EMNINHOM NIHW JWVD SASHLXS S8vL TVHS SOLDYHINGDENS #l's

“05 NIZ0H HO
HALYM F3H4 ONINIVLINDGD SNDTAVAVIXE NI C3vOvid 38 TWHS SL3HONOD ON'#

TONIDHOANITH HO SWHOJ ONIOVId 3MOLHE 31V 00D
NOTLONEISNOD SORIVTIIMEES AS GHLD34SNT 38 TIVHE SNOTLVAVIXE Ve

T TANOVE WO NOLLOAMLENGD UOJ JSVESNS A4 ‘MHId ¥V S0(ADMd OL
AUVESTOAN 38 AVA SNVER BEVIEdOHAIY A8 SNOLLYAVOXE J0 eNIH3lVMIG =z

" 45 0002 40
VA ONTHYES 24VE ¥ JAYH TIVHS SNOLLVGNTOL 3L YIONA HOS ZHL- T

EON T IVONTOS RNV SEusHIEve

SOETIVIS 10N ONV NMOHS SV NIMVE 98 TWHS SNOITSHINIO NV
SNOLLEVYIOT “ATINC NOLIVIRIDSNT TWHSNID H0J 51 SoNIAVED SHE HOd 3TVIS'E

.xmﬁ;h%ggkzmo<ﬁa<zommoho<¢kzau
HLIM 3ivH34003 OWv MHOM SIVNIGHO0D TIVHS MOIAVEINOTansS %M.N

FIWAQUY S1H LNOHLI1& VIMY
FHL NI 3NOO L TWHS MO ON ONY OI[JILON 39 TIVHS HOLVNIou000

ADHS AHVA SNOTLIONOD £l *MHOM ONIIBVIS =W0J5H SNOLLIGNGD
..mz;mhxmﬁz(mzﬂmngHD.._|_<>L~mm>.._|EImm0._.u<mgum3mw:._..u

{es-21) x¥

{as-L1) xT_ -_ e \J

HS3N 8'2R X 8°2M- 8 X B A8k -uva3d

g-g NOTIOES

mca.mul.“w__l'llloo.m

%

S3V -+ NiiE o) POz (=TS
v~V NOTLJ=S Gzt AL mWU<JM<_¢
AHVEV 00721 X e mv.«mm .m&m%kwm_kmm..: AdvdY 00°21 X BYO3Y be-uvEad *ld/uGe
S1: AL
IMVdY 0021 X *971 00°281 X uVE3Y B N 340715
10vd 40 IVHS &0l samummmm._m?wmi.._w 00-5E X _ 00780 xb
'Nin(00-8) SAVM HLOE “13AT7 ¥
(as721) - |_ _n.llmoa BT} —— ~(ag+,1) OO7EE Xe~
] NN /x///z/x/ e AN AN K
1 P A A AR 4 —
] ¢ 5201S-E
(vo-or) - A ¢ {co g}
/ {
L/
’ LA
(oe es1) y 1
y 1
p .
. +
§ v ooa (oo zo1)d X
. /| oo 28t Xt
P ¢ - G
Ll E ]
po———m {0 201} &
e Q- - -820960074 | -
S I 1 D TN
1 2 1 ™ 2 !

ATNEay Ytdd ptid MOUVETEINISE ol ]



e R R
8 -
. — .

PDHonline Course S132 (1 PDH)

Slab on Grade Reinforcing Design

Instructor: D. Matthew Stuart, P.E., S.E., F.ASCE, F.SEI, SECB, MgtEng

2013

PDH Online | PDH Center

5272 Meadow Estates Drive
Fairfax, VA 22030-6658
Phone & Fax: 703-988-0088
www.PDHonline.org
www.PDHcenter.com

An Approved Continuing Education Provider




www.PDHcenter.com

www.PDHonline.org

Materials:

The most common reinforcement assodiated with slabs-on-grade is welded wire fabric. However,
thisis not the only means of reinfordng slabs. In some deformed bars are used in order to
assure that the reinforcement is placed at the correct depth within the slab and not damaged
during placement. In either case when using deformed bars or welded wire fabric, it is essential
that adequate support of the steel is provided.

3\

Welded Wire Fabric:

When using welded wire fabric, prefabricated sheets should be used in lieu of rolled fabricin order to help
assure proper location of the steel within the concrete. In either case aminimum of one chair per 25 square
feet of mesh should be used to adequately support the reinforcement above the sub-grade. The table provided
in this dide lists common styles of welded wire fabric, induding the “old” and "new" designations. Although
the “new" designations are more than 20 years old, many engineers find this cross-reference helpful.

Common Styles of Welded Wire Fabric

Stedl Area

Style Desgnation Sqinperft Weight
Lbs per
NewDesignation | CldDesignation 100 5F
{by Wernumber) (by stel wire gauge) Longitudind | Transverse
ROLLS
Ex6-W1.4xW.4 Bx6-1x 10 028 028 21
ExE-W2.0xW2.0 | ExB-8x8* .040 040 29
BxB-W2 W29 | Bxb-ExE .0s8 058 42
Ex6-WA 0xWA 0 Bxb-4x4 .080 080 58
Axd4-W1 W14 Axd-10x10 042 042 A
W2 W20 | Axd-BxB* 080 0680 43
Ax4-W2. W28 | dxd-Ex 087 087 82
AxA-WELWAD | dxd-dxd 120 A0 85
SHEETS
Ex6-W2.exW28 | ExBEx6 058 058 a2
Bx6-WAXWA.D | 6xB-dxd 080 080 58
Bx6-W5.5xW55 | BxG-2¢2** 110 A10 80
Ax4-W4.0xW4.0 Axd-4x4 20 120 85

* Exact W-Number sizs for 8 gauge IsW21.
** Exet WeNumber size for 2 gaugeisW5.4

©D. Matthew SQuart
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Deformed Bars:

The most commeon bar sizes encountered when using deformed reinforoement for typical lightly
loaded slabs are #4 and #5 bars. However, it is recommended that #5 bars be used as aminimum
as bars of smaller diameter are much more susceptible to damage due to foot traffic duringthe
pladng operation.

Source: bohn Fohrer Contracting Company

Post-Tensioning Tendons:

Post-tensioning is very popular for dab-on-grade construction in some areas of the country. This
is espedally true for super-flat industrial floors and areas susceptible to expansive soil. The most
common post-tensioning material is half-inch diameter 270k prestressing strand. The strand is
generally greased and encapsulated in an extruded plastic sheathing. Post-tensioning pre-
compresses the concrete, which in turn helps to control shrinkage cracking allowing for greater
distances between joints.

Surce: Metger Testing andinspaction.

©D. Matthew Suart
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Hber Reinforcement:

mthetic fiberglass and steel fibers can also help to control plastic shrinkage cracking and limit
the size of cracks when used acoording to the manufacturer's recommendations. However,
currently there is no dataindicating that the use of such fibers allows for an increase in joint
spading. In addition, currently AQl does not recognize fiber reinforcement as an acoeptable
substitute for conventional reinforcement. In addition, fiberglass fibers can sometimes protrude
from the finish surface of the slab giving the concrete a “hairy” appearance.

Seel Abers
Souroa: Moncrete Qonstrudtion

Qubgrade Drag Procedure:

For most commerdal and industrial floors, joint spacingisdictated by the location of columns or
racks within the structure. This spacing may or may not coindde with the desired joint spading of
an unreinforoed concrete slab. With some limitations, reinforcement for slabs can be sized using
the Subgrade Drag Theory in order to increase the spacing of control or construdion joints. The
result is alightly reinforced slab designed to offset the effects of temperature and shrinkage of
the concrete.

AQ 360, "Design of Sabs-on-Grade", refers to this as a Type Bslab. The Wire Reinfording Ingtitute
recommends the use of the Subgrade Drag Theory for slabs up to 150 feet in length. However,
with the relatively low percentage of steel provided by this method, it is recommended that only
sabswhose joint spacing are within the range shown in Table 1 in the next slide should be
reinforced using the Subgrade Drag Theory.

Longer strips of slabs than that indicated in the Table 1 can be placed, however, shrinkage cracks
are more likely to occur. Additional reinforcing steel will help control the crack widths and
supplement aggregate interlock, but random cracking is very likely to ocour. Cther calculation
methods should be considered when determining reinforcing for joint spadng greater than that
indicated in Table 1.

©D. Matthew Suart
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Table 1

The Qubgrade Drag equation Is frequently used to determine the amount of non-pregiressed
reinforeement required within the joint spadng distance L. This method does not apply to
prestressing or the use of fibers.

The Subgrade Dragequation is as follows:

A= (AW

Where: A;= cross-sectional area in square inches of stest per lineal foot of slab width
F= friction factor
L =digtance in feet between joints
(the distance between the free ends of the gab that can mowe dueto
shrinkage contraction or therma expansion).
W = dead weight of the dab (psf).
f; = altowahle working stress of the reinforcement {psi).

The 2 in the denominator isnot a safety factor. 1t is based on the theory that the slab panel will
move an equal distance from each end toward the center. This may not always be the situation
{see the definition of 1}. F, the friction factor, can vary from 0.5 or grester. Avalue of 1.5 should
be used as an average when accurate information isnot available

©D. Matthew Suart



www.PDHeenter.com

www.PDHonline.org

Alternative Design Procedures:

There are two other rationd procedures for selecting steel pereertages for dabs-on-grade. One isbased on
{emperature, and the other isbased on the concrete-to-steel strength ratio. Both of these procedures wili
often produce slightly higher values than the Subgrade Drag procedure, however, thess aternate methods do
assure superior crack control, The Temperaure method for determining reinforoement is

A= {12 (&l TeE)

Where: A, = aross-sectional areain square inches of dedl per lined foot of dab width
1 = thickness of gab in inches
f, =tensile strength of concrete (pd) = 0.4 x Modulus of Rupture
f; = dloweble working ress of the reinforoement (ps)
T =range of femperature the dab is expected 1o be subjeded to ()
e =therma coefficient of concrete (in/in F7)
E = modulus of efadlicty of desd (ps)

The norma range of the coefficient of therma expandon of concrete (=} is 5to 7 % 162, The madutus of
etagticty (E) of reirforcing bars is generally taken as29 x 10° pd, Interior floor dabs are usugly not subjected
to the same severe temperaiure gradients experienced by cutside pavements. Therefore it is ressonzble to
design for the maimum tempersture range tha the dab will experience during its service life, However, even
interier dimate controlled spacescan experience temperaiure rengesof 40° to BI°K

The second alternale proocedure for determining reinforcement s the computation of the perocent
of steel necessary to oomplement the tensle strength of the conarete, The stee! is caloulated
based on a value of 75%0f the yield strength of the reinforcing, and the value of the tensile
strength of the concrete, which is talen as 0.4 times the modulus of rupture (MOR). Thismethod
produces a significantly higher percentage of steel than the other two methods described. The
modulus of rupture of conarete can be realistically taken as 7.5.,/7 L. This resuits in the following
formula

A=(38/~)/ 1,
Where: A, =cross-sectional area in square inches of steel per {ineal foot of dab
width

t =thickness of sleb ininches
', =strength of concrete (psi)
f, = allowable working stress of the reinforcement (psi)

it isrecommended that the merits of using the methods which require greater percentages of
steel than that determined by the Subgrade Drag formula be considered, perticularly for
indusirial floor applications where the control of random craddng is aritical.
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Seel Hacement:

When the Subgrade Drag formulais used for steel design, the recommendation for concrete
cover above the reinforcing is two inches below the top of the slab. However, it is reasonable to
allow for an envelope of steel placement ranging from two inches below the top of the slab to
the center of the slab. Placing the steel any lower than this limit could, however, adversely affect
the performance of the slab.

For most conventional slab-on-grade design, the steel does not have to be discontinuous at the
contraction or sawn control joints. However, in cold storage fadilities it is recommended that the
reinforcing be discontinuous at all control joints. Inindustrial fadlities in areas subjected to
random and repeated heavy forktruck wheel trafficit is also recommended that dowel baskets be
used at the sawn control joint locations to help supplement the load transfer capability of the
controlled arack location. Thisis particularly true if the slab is unreinforced and only capable of
transferring vertical loads across the control joint via aggregate interlock,

Dowel Basket
Source: lllincis DOT

Post-Tensioned Industrial Hoors:

The advantages of post-tensioning for industrial floors are:

1.  Lessconcrete, i.e. reduced slab thickness.
2. Reduction or elimination of random cracks.
3. Substantial reduction in joints, i.e. increased spacing of joints.

Post-tensioning is an active rather than passive form of reinfordng. In other words, post-
tensioning pre-compresses the concrete to help prevent cracking from occurring rather than
holding cracks together mechanically after they have already formed as conventional reinforcing
does. -
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Post-tensioned slabs are generally designed to have aresidual pre-compression stress of 50 psito
150 psi. This generally results in half-inch diameter 270k tendons spaced between 24 inchesto 48
inches on center. Tendons are typically placed at the center of the slab to avoid any stresses that
might be induced by the eccentricity of the strands relative to the concrete cross sedtion. Post-
tensioning tendons are usually seven-wire strand, with a cross-sectional area of 0.153 square
inches. It is recommended that a continuous slip-sheet beneath the bottom of the slab and the
subgrade be used to reduce drag as aresult of movement of the slab due to the pre-compression
induoed by the post-tensioning force. Coefficients of friction can be kept at or below 0.5 with the
use of either asingle or double layer polyethylene dip-sheet membrane. When designing the
thickness of a post-tensioned slab, it is recommended that standard FCA and VR methods be
used.

Source: MWKInspections

Shrinkage Compensating Concrete Sabs:

Shrinkage-compensating concrete (Type K cement) undergoes an early age expansion and then
undergoes drying shrinkage similar to conventional conarete. However, the net result isthe
apparent lack of any shrinkage of the concrete once the material has cured. Bonded
reinforcement is essential for this type of slab. The reinforcement is placed in tension during the
initial concrete expansion. The tension is then relieved due to drying shrinkage and long term
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Source: University of Berkeley, CA
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The purpose of shrinkage-compensating concrete isto limif cradkdng and minimizz joint spading.
Shrinkage compensating concrete permits slab pane! sizes up to 15,000 square feet. More
manageable sizes such as 50 x 50 {eet {2,500 square feet) are more commonplace. Reinfordng
stee! for shrinkage compensating conarete ranges from 0.15 percent {o 0.6 percent of the gross
cross-sediona area of conarete, however, fower values have been known to perform
suceessfully. In either case, the reinfordng should be placed in the upper third of the siab.

It isrecormmended that designers using this product familiarize themselves with AQ1 223
“Sandard Pradtice for the Use of Svinkage-Compensating Concrete” I is also advisable to seek
1he assistance of a shrinkage compensating cement supplier and contracior familiar with this type
of praduct prior to designing and detalling a project using Type Koement.

TYPICAL SAWCUT CONTROL JOIRTY LAYAUT
- - Lidal . -
E{THET ; :

HEEH e i

F

it
i

L
Fti.. 4

KRiMAK'S RFCAOMMENOER FLbar Joiny Larout
f 700 FY. k

N H RN

0

Sourca: Kalman Roor Company

Sructurally Reinforced Sabs:

One additional use of reinfordng in sab-on-grades is to allow for a reduced slab thickness, even
though as it is expedted in the following example, hairline cracks due to loadingwill ocour, The
following exampie is taken from “ Designing Aoor Sahs-on-Grade,” Boyd C. Ringe, Robert B,
Anderson (Aberdeen Group, 1992).
Bample:
Provide a maxdmum slab thickness of 8 inches. Srength will be provided with reinfordng steel
selected to provide a safety factor of two.
11 Adual moment = 5,700 fi. tb. per foot of dab width
I3 Concrete compressive strength - 4,000 psi
0 MOR=570
£ Cracking moment; M, = ((bd?/6) x (MOR 12)
3 Mg =6,080ft.-Ib. per foot of slab width
[ Moment required for & safety factor of 2; 5,700x 2= 11,400 ft -Ib. per foot of slab width.
G One possible solution isthe use of one layer of #6 bars. Table 2 provided in the next slide
shows that the moment capadty per foot of width is 7.13 ft.-kips if the #6 bars are spaced
4 12inches. It is necessary to adjust this to a doser spacing sinoe the 12-inch spacing does
not provide enough moment capatity.
0! Spading= 12 (7.13/11.4) = 7.505 inches
(0 Use one fayer of number six bars &t 74inches one center
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Sab Moment Capacities for Cne or Two Layersof Rebar ot 12-Inch Sadng
Sah Thickness: Bin 104n

= “ * w o " s ) # % " L
Mmberet AN D1t 02 03 04 D80 0T 011 020 031 044 OB) O
Layers diny 03 080 0& 07 083 100 03 0% 08 0¥ 088 1M
din 400 400 400 400 400 40 500 500 500 500 500 500
wmgmem) 383 350 33 326 313 A 463 450 438 425 433 40

OE  mapwm 178 az4 502 7143 972 1280 27 4.05 624 891 1215 1600

PR o o021 03z CAG 062 0.82 X 017 026 037 050 086

wit fpsd) .75 137 2392 am 4.10 540 075 13 212 .01 410 540

d{n) 6.38 625 813 800 5.88 536 B33 B2 813 .00 .88 15

™o My [ttt} 2584 5.08 7.69 1989 142 1840 373 6.68 10.20 1426 19,14 2480
PCa 023 42 065 2.9z 125 165 918 2.3 0.52 73 1.00 132

wigh (psd) 150 273 424 60t 820 10.73 150 273 424 £.01 820 1079
Noles 1. Fa=400 pal, cover=1 251n, b=12in, d=05¢
2. Pesig Asmumptiona madain Teble
Cne Layer Two Layers
d w2 1*{coverte)
Jud 0.84
M, AL i)
3, Percentags of Reinfor dongr byt

4. e moment cepadities{resistance) in fool-Kipsper foot ofsfob
witth, ither one of two layersofseiniord

TARIE2

Unreinforced Sabs:

Unreinfarced, pliain concrete slabs §.e. dabswithout distributed deet or structural
reinforcement) offer advantages of economy aswell as ease and speed of construction. There
are marny similarities between an unreinforced road pavement and a plain concrete floor slab. As
in pavement design, the factors involved in determining the required floor thickness of an
unreinforeed slab indude:

Sub-grade and sub-base bearing support.
Srength of concrete.

Sab edge condition.
Location and frequency of imposed loads.
Magnitude of load.

gk wn e
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Table 3 provided below isthe sugoested spading for contral joints in plain unreinforced dab-on-
grade recornmended by "Concrete Hoors an Ground” published by the FCA (The Fortland

Cement Assodation).
Sab Thickness Spadng (ft.}
<%0 Aggregate | > % Aggregate | Sump<4”
5" 10 13 15
£" 12 15 18
7 14 18 21
8" 16 20 24
@ 18 23 27
10" 20 25 30

TARLE3
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SLABS ON GROUND

For any slab on the ground, adequate preparation of subgrade for drainage
and compaction is of prime importance. Dowelled expansion jeints and weak-
ened plane contraction joints should be carefully located, including expansion
joints at all walls, columns, open pits, etc.

The design of slabs on the ground to distribute concentrated or uniform
loads involves the elastic properties of the subsoil and the slab itself.* An
analysis can be made but is quite involved. Slabs for the very lightest occu-
pancy should be not less than 4" thick, and slabs for other occupancies
may be empirically selected, the following being about minimum and some-
times less than required (ACI 10.5.3) for supported slabs:—

Min. Slab

Occupancy ** Thickness Reinforcement I

Sub-slahs under other slabs " None

Domestic or light commercial 4 One layer 6 x 6 10/10 welded wire

{ioaded less than 100 psf) fabric, minimum for ideal conditions:
6 % 6 8/8 for average conditions.

Commercial—institutional—barns 5" One layer 6 x 6 B/8 welded wire fabrie

{loaded 100-200 psf} or one layer 6 x 6 6/6.

Industrial (loaded not over 400-500 6" One layer 6 x 6 6/6 welded wire {abric

psf) and pavements for industrial or one layer 6 x 6 4/4.

plants, gas stations, and garages

Industrial (loaded 600-800 psf) and 7" Two layers 6 x 6 6/6 welded wire fabric

heavy pavements for industrial plants, or two layers 6 x 6 4/4.

gas stations, and garages

Industrial {loaded 1500 psf) t 8" Two mats of bars {one top, one bottom),
each of #4 bars @ 12" c/c, each way

Industrial (loaded 2500 psf) + 9" Two mats of bars {one top, one bottom),
each of #5 bars @ 12" c/e, each way

Industrial (loaded 3000-3500 psf) + 10" Two mats of bars {one top, one bottom),
each of #5 bars @ 8" 1o 12" c/c, each
way

* *Concrete Floors on Ground™ and “Concrete Airport Pavement,” Portland Cement
Association, 1952; "Design of Concrete Fioors on Ground for Warehouse Loadings,” ACI
Jour., Aug. 1957; "Design, Construction, and Performance of Slabs-on-Grade for an Industry,”
ACT Jour.,, Nov, 1978; and "Pavements and Slabs.on-Grade with Structurally Active Reinforee-
ment,” ACI Jour., Dec. 1978.

** Far loads in excess of, say, 500 psf, use at least 3000 psi quality controlled concrete,
and investigate subsoil conditions with extra care. Fill material and compaction should be
equivalent to ordinary highway practice. If laboratory control of compaction is available,
the load capacities can be increased in the ratio of the actual compaction coefficient, k, to
100.

t For loads in excess of, say, 1500 psf the subsoil conditions should be investigated
with extra care and subbase should provide k > 200,
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