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PIPE HANGER DESIGN
OBJECTIVE

At the proposed Britannia East Grand development site in South San Francisco, California, pipe
hangers suspended from the concrete structural slab will support the air inlet and gas extraction
pipes beneath the buildings at the Site. The pipe hangers will be installed during the construction
of the gas control system,

The design of the pipe hangers takes into consideration two controlling factors; the spacing of the
pipe hangers such that the pipes do not deflect more than 17, which is half the diameter of the
pipe, and the maximum allowable load each pipe hanger can support.

SUMMARY OF ANALYSIS

The analysis suggests that the pipe hangers used for this project need to support at least 45 lbs. if
there is 1 inch of soil located between the top of the pipe and the concrete slab. In addition, the
pipe hangers need to be spaced approximately 8 ft. apart such that the PVC air inlet and gas
extraction pipes do not deflect more than 17

SITE CONDITIONS

The components involved in this analysis are the following, from top to bottom:
- 10 inches of structural concrete slab;
- protection course (a nonwoven needle-punched cushion geotextile);
- 80 mil Liquid Boot geomembrane;
- heat bonded nonwoven carrier geotextile;
- 3 to 6 inches of gas extraction sand and aggregate; and
- 2-inch diameter PVC pipe.

A cross-section of the gas control system is presented as Attachment A.
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ANALYSIS

® PIPE HANGER SPACING

The spacing of the pipe hangers is controlled by the maximum allowable deflection of the pipe.
The deflection of the pipe is due to the weight of the pipe itself (Attachment B), as well as the
weight of the soil on top of the pipe. Depending on the type of pipe hanger selected, soil may be
located between the pipe and the bottom of the concrete slab. For the purposes of this analysis, it
is assumed that 1 inch of soil will separate the top of the PVC pipe and the concrete structural
slab.

The equation used to calculate deflection for a distributed load is:

4
Viax = (ggz]% {Attachment C)

Where:  vpax = maximum deflection (inches)
q = distributed applied loading (pounds/inches)
L = length of pipe (inches)
E = modulus of elasticity (pounds/inchesz)
I = moment of Inertia (inches4)

EVALUATE EQUATION

vmax = 17 - (to allow air flow if water infiltrates pipe)
q = weight of pipe + weight of soil on top of pipe

Weight of pipe = 0.695 1b/ft = 0.058 1b/in (Attachment B)
Weight of soil = (d)(¢)(Ysoir)

where: d = depth of pipe, assumed to be 17
¢ = outside width of pipe = 2.375”
Ysoit = Unit weight of soil, assumed to be 125 Ibs/ft’
Weight of soil = (1 in.)(2.375 in.)(125 Ibs/ft)(1 /1728 in®) = 0.172 Ib/in

q=0.058+0.172 = 0.230 Ib/in
E = 400,000 Ib/in* ' (Attachment D)

ol L A 5.
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1= 0.666 in" (Attachment E)

Plugging in the variables,

4
v 29l
max 384 EI

0.230/b/in* L'

1.,2( 5 } 2k :
384 ) {400,000/ / in® ) 0.666in

L=971in=8.11t

Therefore, the pipe hangers should be spaced every eight (8) feet.

¢ PIPE HANGER STRENGTH

The maximum load each pipe hanger should be able to support is equal to the weight of the PVC
pipe and overlying soil over the distance between pipe hangers, plus a factor of safety of 2.0.
Therefore, each pipe hanger for pipe 1 inch deep should be able to support:

(0.230 Ibs/in)*[(8 £1.)(12 in./f)]* (2.0) =
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CONCLUSIONS

Assuming the following:

) the maximum allowable deflection of the PVC pipe is 2 inches; and
. 1 inch of soil are located between the top of the pipe and the concrete slab.

The pipe hangers should be spaced 8 ft. apart for selid wall pipes. In addition, the pipe hangers
need to support a maximum load of 45 Ibs. Perforated pipes will drain, so no hangers required.

s PIPE HANGERS THAT MEET REQUIREMENTS
The following is a partial list of pipe hangers that meet the property values stated above:
e Standard Clevis 4” Hanger, with a work load limit of 1430 Ibs.

REFERENCES

ASTM D 1784 — 92 “Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) Compounds
and Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds”, American Society for Testing and
Materials, Philadelphia, Pennsylvania, USA

Harrington, PVC Pipe — Schedule 40 Properties

Sack, R.L. (1984) “Structural Analysis,” McGraw-Hill, Inc., New York.
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PVC PIPE - SCHEDULE 40

PWC is the most frequently specitied of all plastic piping i e m e
materials, It has been used successfully for over 30 years in ; .—-'.' T,_'- T e
such areas as chamical processing. industrial plating, chilled F-.i-\q-w c"“"’“""' o
waler distribution, delonized water lines, chemical drainage, |
DWV piping, and irrigation systems, PVCis characlerized by
high physical properies and resistance ta corrosion and #
chemical attack by acids, alkalies, salt solutions and many

other chemicals.

-

PVC used in plastic piping is:
»Type 1, Grade 1 PVC (Cell Classilication 12454.B)
+ Conforms to ASTM D-1784

The maximum service temperature for PVC is 140°F, PVYC &
has the highest long term hydrostatic strength at 73°F of any .
of the majar thermoplastics being used for piping. PVC piping f
is jpined by solvent cementing or threading.

SCHEDULE 40 PVC PIPE - Conforms to ASTM D-1785, Type 1 (normal impact), Grade 1 (high chemical resistance). This
pipe also conforms 1o U.S. Product Standard PS 21-70 {supersedas U.S. Commsrcial Standard C5 207-80} as having the

same O.D. dimensions as I‘ron‘pipe. The National Sanitation Foundation (MSF) has approved pipe sizes 1/47 thru 127 for
use in potable water service, Schedule 40 plpe should not be threadad.

NOMINALT | pmice” | E FOOUTSIDE T puNMum
PiPE SIZE PART | PZR100FT. APPROX. | MAXWE DiA. Py ALL THICKNESS
(1) NUMBER | (s) ; YT1100 FT. | GT3sE {iH.) f (1M
13 400002 $3.00 | g1 | 735 : 540 : £33
3 400003 | $31.00 | 10.6 i £25 ? £75 ' 681
12 |  4co005 | 57.00 | 15.4 I £25 ! E4D : 10
34 400607 | £9.00 21.5 | 233 | 1.050 113
; 200616 | 132.00 32.1 i 450 | 1,515 | 133 ‘
1174 400012 | 177.00 434 { 335 | 1,853 | 140
1.112 400015 ! 212.00 516 | 333 | 1.829 | 145
5 400-020 | 234.00 625 ! 223 2375 | 154
| aaR 400-025 "451.00 1696 | 323 i 2575 ! 203
3 " 400-030 553.00 1435 | 253 ! 3.520 | 215
5.0 £90-035 1,614.00 153,7 i 242 i 4000 : 225
4 K= £00.040 538,00 2023 7% 225 ; 2527 f 237
5 430030 1,127.00 2726 129 i 5553 | 258
6 400-080 1,459.00 2539 129 | 65235 i 289
8 400.080 2,643.00 5453 | 125 8.525 ! 322
10 400-100 3,226.00 791.3 [ 549 10750 | 355
12 400120 4,255.00 1053.2 l 132 12.750 l 408
14¢ 406-149 5,390.00 12470 130 12.00 | 437
18 400-180 7,105.00 1675.0 135 15.60 i 500
18 406-180 10,887.00 2111.0 135 19.00 f 532 !
204 400-200 12,763.00 2450.0 123 | 20.00 593 ?
241 400-240 16,507.00 3451.0 120 { 24.00 567 |

NQTES: 1. Standard length 20 fe=t. 2. Pipe sizes V/4°, 38" and 3-1/2° are gray in celor. Adother pipe is normally white, 3, P|pe tay be
clain or belled end. 4. 147 ang 24" p. s has been approved by the Canadsan Standards Assssiation (CSA) for pot ble water service.
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238 THE DEFLECTIONS OF STRUCTURES

Therefore, - Cy=~ML C=1ML
d
Elv = 8(x® ~ 20c + 1Y) EIZE = Mx - L)

At the free end
Vaie = 0,120 { 1)

(é) = —0,0016 rad = ~0.09° ()
Ci‘-' max

DiscussioN This is the same beam as in Example 9.2, but it is loaded with a concearrated
moment at the free end. In this case, the moment deforms the beam into a positive curvaturz
over the entire length. The same geometric-compatibility conditions used in Example 9.2
were used heare 1o evaluate the integration constaats, The maximum deflection 6 0.12 in
occurs at the free end, where the maximum slope of —0.0016 also oceurs,

Example 2.4 Find the maximum dzflection and slope for this simply supponad beam.
.‘l
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Figure E9.4
SoLuTioN
&
El — = Af
de”
e .
E!d—= —lod’ + gl + G

Eiv = figx(-x* + 20t = 1L7)

Ef = = fig(~ac® + 6Lx* — L)

dre i
. o mase point
Since #f = Datx = Oand x = L, the slope has the maximum magnitudes at (nee P

Siree dv/de = 0 atx = 4L, v, occurs there.




DEFLECTIONS: SOLUTIONS TQ THE GOVERNING EQUATIONS 139

5 5(12%) .

= = 16.88 % 10

381 (200 % 109 (4 X 10°9 rmem
{dy gL’ . s(12Y)
— = = = % ~3 = 42
(d\-)mu 24E1 T 23(200 X 109 (4 X 1079 4.5 % 107 rad = 0.26

Discussion This symmetric beam is bent into positive curvature over its entire length by
the vaiform foading. The zero deflections al the two supports are used to evaluate the
constants of integration. The deflection expression turns out to be a quartic palynomial with
the maximum deflection accurring atx = L/2; the slope has its maximum magriwde at both
supports and a zeco value atx = L/2. The dimensions and size of the steel beam shown
result in a maximum deflection of 16,88 mm with a maximum magnitude of slopc equal to

0.26% at the two supports.

This method is more complex for a beam with a Joading like thar shown in
Fig. 9.5. In this case the moment expression for the moment between points a and b
differs from that for the moment between points b and ¢; therefore, the moment-
curvature relation must be integrated individually for each segmaent. This process gives
four constants of integration to describe the beam displacements, Two of these
constants can be evaluated by enforcing the conditicns of zero displacement at the
supports, and the other two must be evaluatad by matching the exprassions at point &
for the slope and deflzction. Since there are more efegant mathematical ways of
pbiaining th2 expressions for displacemen: and s.'o;-* for these tyvpes of problems,
thz readec who intends to uss this mathod extznsively would be wise to study the

1.

S N
application of singularity funciions 12 these prodlems (s2z for example, Refl 2}

9.4 THE PRINCIPLE OF SUPERPOSITION

If  structure is acted upon by a nuntber of individual forces 2nd’or moments, the total
deflection of th: structure can be obtainzd by cajeulating the deflzctions induced
by each of the individual forces and adding the resulis. This process of combining
solutions for a given problem is called superpos'n’on and the validity of the approach
dzpends upon the lineacity of the structece. Figurz 9.6a and 9.6b shows load.
dﬁfomnauon graphs for a linzar and a nonlinzar struciural responss, respactively. We

can s22 that for the finzar siructure an applied load P will give the deformation A
r‘-‘gﬂfdlﬁss of where in the loading process it is applied. For the nonlinsar situation the
same load P will give different deformations. &, aad Ay which depend upon the

amouni of loading previously applied to the structure. Nonlinzaritiss can be introduced

P
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QB“Vj Designation: b 1784 - 52

Standard Specification for

An Amerea- Niten,

53

Rigid Poly(Viny! Chloride) (PVC) Compounds and Chformated
Poly(Viny! Chloride) (CPVC) Compounds’

This smndard is issued under the fixed dcsxgnauba D 1734 the number immediately following the designation indicates the year of
orginal adoption or, in the ease of revision, 1he year of last revision. A number in parenthesss indicates the year of [ast reapproval. A
supersenpt epsilon (¢} indicates an editorial change since the last revision of 1zapproval,

This specification has been approved for use by agencies of the Depariment of Defense, Consult the DoD) Index of Specifications and
Standards for the specific year of issue which has been adopied by the Degertment of Defense.

1. Scope

1.1 This specification covers rigid PVC and CPVC com-
pounds intended for general purpose use in extruded or
molded form, including piping applications involving special

chemical and acid resistance or heat resistance, composed of -

poly(vinyl chlonide), chiornated poly(vinyl chloride), or
vinyl chloride copolymers containing at least 80 % vinyl
chloride, and the necessary compounding ingredients. The
compounding ingredients may consist of lubricants, sabi-
lizars, non-poly(vinyi chioridz) resin modifiers, pigments and
inorganic fillars.

aef suc"” ¢ compounds for pﬂ’-cu’:. end uses er
O. D"""‘ Cl’"".’.’.Cl:"‘.S!.\.S SUCn a3
t.- ..;JT pro*L 5, opt ‘1' propeniias, wealhsr rasistance, eic. Specific
and test m2iheds 27 these propeniiss B¢ by muiusi
azrez -n betwe :rehaser 2nd the seifer,

1

shali

A the pu

2 R_igjd PVC compounds intended for pipe, fittings and
in Specifications
D 3915 and D 43986,

1.3 Rigid PYC compounds intanded for building product
applications ars covered in Specification D 4216.

1.4 The valuzs stated in ST units are to be regarded as the
standard. The valuzs given in parentheses are for informa-

ton only.

1.5 The following safety hazards caveat pertains oaly to
the test methods portion, Szction 11, of this specification:
This standard does not purgort to address all of the safziy
problems, if any, associeted with its wse. 11 s the responsi-

bility of the user of this stardard to establish appropriate
Safery and health practices arnd determine the applicability of

regulatory limitations prior 1o use.
Noteg 2—This spacification s similar in contznt (but not technically
equivalzni) to ISO 1163-1:1985 and [SO 1163-2:1930.2

2. Referenced Dacuments

2.0 ASTAS Standards,
D 256 Test Methods for Impact Resisiance of Plastics and
Eifectrical Insulating Matzrials®

¥V This specification is under the jurisdiction of ASTM Committee D-20 on
Plasiics and is the dieszt responsitility of Subcommitiee D203 on Thermogplasiis
dazerials.

Current edition approvad Oct 15, 1992, Published chcmb.c 1992, Qeginaily

“published as D 1734 - 60 T. Last previous edition D 1734 - 90,

D471 Test Method for Rubber Properiy—Effoc
Liquids*

13543 Test Method for Resistance of Plastics to Chami:
Reagents®

D618 Practice for Conditioning Plastics and Elecisis
Insulating Materials for Testing?

D635 Test Method for Rate of Burning and/or Exient a-
Time of Burning of Sell~Supporting Plastics in 2 Ho:
zoatal Position?

D638 Test Metnod for Tensile Propenies of Pias:
548 Test Method for Deflaction Temperaturs o7 Biagtd

U & FL,XI.rq Lo*"3

1

est

an d Rem
Marerals?

D883 Terminology Relating to Plastics?

D 1600 Tc'mmoloav for Abbreﬂ‘.tﬂd Terms Reiztiaz -
Plasties?

D 1898 Practice for Sampling of Plastics®

D 1921 Test Methods for Particle Size (Sieve Analvsis) <
Plastic Materials®

D 3892 Practice for Packaging/?acking of Plasiizs®

D 3915 Specification for Poly{Vinyl Chlordz) (PVC) an
Relatzd Plastic Pl,,e and Fitting Compounds o7 P

ur= Applications’
216 Specification for Rigid Poly(Vinyl Chlosids) (PVC
md Relatad Plastic Building Products Cornpounds’

D 4396 Specification for Rigid Poly(Vinyl Chlozidz) (PYC
and Related Plastic Compounds for Non-Przssurz Pi7
ing Products’

D 5260 Classification for Chemical Resistance ¢f Poi}
(Vinyt Chloride} (PVC) Homopolymer and Copaly .1_"‘-’
Compounds and Chlorinated Poly(Viny! Crlonde
(CPVC) Compounds®

'"cd Pl ,sucs and Elec::::ﬁ In

3. Terminology

3.1 Definitions—Definitions are in accordance wilh Def:

nitions D 883 and abbreviations with Terminolozy D 160'
unlzss otherwise indicated.

4. Classification

A

4.1 Means for selecting and identifying rigid PYC @™

.t
wof -

of Book of AST Standards, Vol 03.01.

T Available from Americaa Natonad Staadards lagtituts, UL W, d3ad S, L ol Book of ASTM Srandards, Yol 03.02.
Flour, New York, NY 10035, . ! Bk of ASTAM Standardy, Vol 03.0).
3 Anrmed Bugk of ASTA Staedzeds, N3l 03 0y Yoaanad! Book of ASTM Siandsrds, Vol 03.04.
.. }
33 Athoil s nnk > 74




1,)/2 l ,{_u'afuwowoﬁv

e:qmudde 10U = W
wieq

"fﬁ__ % 5 W0J) [2ACLIBI JOYE iz urim BURESMSE DU MOLS JIBUS SUBBW (EDIURUdaw
.9..-'4 Jo 1581q sie ue Aq paup pue uatem Buwun up paySera suswineds

ol ol sa TXBUI 'ESREI05(]
ot oL 50 % 'WEW "aseatoy|
:Nﬁgam uy adueyn
10,€2 12 uorsJowi SARD 0E—E 'ON 10 WLSY
06l ¥N Y¥H % ‘XBw ‘asearnss

% 'weLl ASEFI0Y|
buans path feanxsy u abueyn
o's YN YN % 'XBw "asess2ag
134 ¥N YN Y 'xXeL 'aseas

nybam u shuey)
10,2 = 03 18 LossELR SABD 0g—% 08) "OSTH
% 'XBW ‘BSESITSQ

oGl YN O¥N

005 L0828 05
0% 0§ 0§ Y 'xELy 'aseasoy|
apnbuans prath anxsy w afveyn
e w10 10 % *XQU ‘ISBEISQ
0'¢Z 08 Ol % 'XBUS 'BSEID

syBrem wr sBuzen
D62 F €5 18 voyssawL SABD pi—(% £} TOSTH

TG 2 i3l ¥ uoinos

asueysisay [e2iuay) Lo voneuBisag xS Z 318VL

-]“;‘J 3yl 10] pannbsl ag AgW se ‘uomUNsp dyUNd 7'¢
Sk SSEID vQL1 (T ‘sldwiexa 10 ‘pRins(s
svid 2yl A3uuspr pue Jaguinu uoneanoads syr Aels y“qs
SuEWw asayy ro Annbul to ‘1epio aseyodind syt |
uonsurIojuy EU!JQPIO g

097 (J UOnNEdIssE|D) JO

U210eS UCHIEIYISSE[D) SUL O1 SUIPI0IDT PIIJISSE|D 3 [|2YS P2l
12248 uIYay 20URISISAI jeonueud uonedndde 1onpold bb

ipusddy
12 SPUNOGUIos (3181308 [Auls
uz sadf1 snotazid 0] sasSTI
[2s szequinu sse|> Surpuads
pue adAy zsauy sisy) xipuad

U1 UL 17X ejqEL ul pRisy S

""[qa 1Autafiod 1o sapesd p
1 "7 DPUE ] 2QEl WOl paios
.._oa Syl pug sI2qQINU 3pesd

s

-r
we
Wy

-Gy oayr ol XY *qel spunodwos Dad miEd Jo sassepd
jCI0J2WWod UITLAD JO siuawannbar S0UEISISAT [Dolurayod
pue santadold jEoisdyd wnwiiy 2yl suyap 01 pasn A1pin
uoRq 3ATY SUONEUBISSp Jaqunu zpeld pue adiy ¢

"DI[ATUOD 3G PINOYS JSINIDLINUEW Y] SITUAITUL 2QR(ITAT £3jT10isw
-WOS tilv JTHIUE) 10U ST 228N YY1 PII0R[SS 2 UL SUOCHTUIQLIOD AL
-doud 2jqeuierqoun souis uohranddesiyg 3|gissed o1 walqns 51 '12A2m0Y
teupog 2d4r 1y csjousiowt o sErel pro:q T oof ‘UoliTuiquios ut 1o
suoje ‘seigadold [T O UOLEIYISAS DU UONTILSIZRITYD 350|5 put
UOIIEDIIIUAP] 10) SUTIUL 3} sapiacad 1eug) 2dA1]50 2y —¢ zLON
1T #1qeL v1 g *iyyng Jo
FIUIGIINDIL SY $I190W) S3UMSISI JTILAYD
{{d.351)
0,02} peol Jepun simersdwisy vonsaysq
({isd 000 0CY)
TN §64T) VOISR UL AMDIEELD 1O $A|npaly
1sd 000L) B3N €EF) WBusis spsuay
{(uigy
§H°0) W/ e {poT]) Yigusns vrdu

JAR) D Y p.m ]
wiiodowsy (spu 0|'..;3

W7 pue | oselqel sa8) sieswsdinbsd Sulmoljo) 551 Sutaty punodwod
D.’\d pIgy g- g 71 SST|D © AQ DAiRNnSn{T ST wialsAs UONEIYISETD SIL)
£Q PALNUCGPE 28 §{TLIHITLY P3IDS]SS YDIYm Ul ISUUCL Y [ —b Z10N

Ao

"paumisisas jeniwayo voncoldde jo Euled 30) 3jgRIINg AjUTSSIIIN (CU
sip Asyg pRIsafos spunodiued Y Jo uonedynrapt apiaoad o1 pIpnjout
¢ 7 2ery Ul Slusianinbil SoUmsIal rednudys U f—¢ ZION
‘7 2jGEL Ul UmOUs S8 's3oumISiSal [RolWayD

41 Bulijiseds Jalia] xtyns = Fuipniout
218 L2yl yays ur Jspro sy ur Avsdosd
1122 21 £Q pa1Eudsep 24T SISSE(D) T'o

213 'SUCNIpUOI [TIusW
LA uipzo] "eais ‘uicd 1o aduys Ul S3DURLRUIIP jO FF0TIRG
:p Ul LOEDD([dd"’ 321p 10j 3IQENMS A[UIBSSaTIU 10U

Sy Cpedees ca'woduoa UL JO UONEDHIIUSPT 3R1A0d

s10adxa ale p"u\y:) S165) 23U DUT | S|Qa Ul PIIESIUNUD
sauedoad 2up g opue | o ssaRlour peplaoxd asw ospunod

10] s1uswsinbal

1 2[qe] Ul paigh
u2eI 2Q] guinu

t\fl

s 0> jo Sunng Jo sy sSesaae

‘-J ca> jo Buing jo 1wsixa arIaAR 1SyNs3l Buimono) aul DA IIBUS CL9 O DOWISN M SDUBDIOIDE Ui PRIS3] Uaym uonedyoads s AG PaJaA0D SpUnOdwed 1y

Goiw v v v v v v v v Apgqewwery
A AL F51 9Ll 85t g5l Lel e ' e
spSukl 003 05 08 0L 09 65 €5>|  poyadsun Do
A B Hsd +92) e 29°L
s ‘Ul *ReOl JapUn
5 auniezadwal uonosyaq g
b 000 OFy 3& 000 OCk 000 Qeg 000 02€ 000 0BT 000 D8g> ) 15d
Lo ¥EOL g5ig 2gre 3022 Qg6 0£51> | . pauadsun Bl
. | Ui 'uosua)
,j".}. o1 ul ARsnsers jo SNNPOW ¥
: e § 000 £ 000 9 000 § 000 §> : 1sd
: b= £9r vl §'ve ghe>{  payoadsun edW
i tyiuans apsua) £
a5t oot s gt S50 590> uioy jo uygy
L0086 2'ELS 6992 1'08 L+ LrE> | paymedsun Yoy jo wip
uny
{poz|} wbuans 1oeduy z
“rewhed
$ N {spucyyo -owoy
HAupnikiod (apuciys
sukiodon |Aua PaIBULOIYD JRun)Riod payiadsun uIsal eseq 1
g ‘ON
\J‘AI 8 I ¥ s I v £ N l O N
wun pue Ausdoid voned
Sy 1@d _J_,,P_f_sfl—
_L_.--BLON

5§92 soubiy B Ly 2] ABW BN[EA PRIDSCKI WOWXEW Yl UBNOYNE JOGNU 43 au} 3uniialap g anjea ALedoad wnwiuil 3y
spunodwoy {apuolud 1AuiA)hiog pibiy Joj sjuawalinbay ssep

e vesL a Y

L 318veL

:k<’.




gm‘.m [N s o =i

T

iih D 1784

lowing, shall be on the basis of agreement between the
purchaser and the seller,
5.2.1 Physical form and particle size (see 6.1),
5.2.2 Contamination level (see 6.2),
.5.2.3 Color (see 6.3),
5.2.4 Other supplementary definition if necessary, and
5.2.5 Inspection (see 12.1).

6. Materials and Manufacture

- 6.1 Materials supplied under this specification shall be
PYC compounds in the form of cubes, granules, free-flowing
powder blends, or compacted powder blends.

6.2 Materials shall be of uniform composition and size

‘: and shall be free of foreign matter to such level of contami-

nation as may be agreed between the purchaser and the
seller. o

6.3 Color and transparency or opacity of molded or
extruded articles formed under the conditions recommended
by the selier shall be comparable within cornmercial match
tolerances to the color and transparency or opacity of
standard molded or extruded samples of the same thickness
supplied in advance by the seller of the material,

7. Physical Reguirements

7.1 Test values for specimens of the materiz! prapared as
soecified in Szoiion 9 and tested in accordance with Section
10 shall conform 1o the requirements given in Tablas | and 2
for the class szlactad,

. Sampling

8.1 A batch or lot shall be considered as z unit of
manufacture and may consist of a2 blend of two or mors
production runs of material,

8.2 Unless otherwise agreed upon between the seller and
a2 purchaser, the material shall be sampled in accordance
with the procedure described in the General and Specific
Sampling Procedures, as applicable, of Practice D 1898,
Adequate statistical sampling prior 1o packaging shall be
tonsidered an acceptable alternative.

§. Testing

9.1 The requirements identified by the class designation
end otherwiss specified in the purchase order (see 5.1) shall
&2 verified by tests made in accordance with the directions
gven in Section 11, For routine inspection, only those izsis
necessary to identify the materals to the satisfaction of the
burchaser shall be required. One sample shall be sufficient
for testing each batch or lot provided that the average values
[o: all of the tests made on that batch or lot cornply with the
Specified requirements.

9.2 If any fzilure occurs, the materials may be retested in
accordance with asresment between the purchaser and the
seller (see 12.1).

10. Specimen Preparation

0.1 Compliance with the designated requirements
10sen from Tables 1 and 2 shall be determined with

Mpression-molded test specimens. Procedures used in
~eparing the test specimens shall be as recommended by the
%iler. The procedures shalt be the same for all test specimens
2quired by Section 11, Test specimens shali conform to the

requirements prescribed in Section L.

0.2 Subject to agreement between the purchaser apd
seller, tests may be made on specimens prepared from
finished molded or extruded articles. Results of such tests
may not agree with the values given by specimens prepared
in accordance with 10.1. Therefore, in reports of such tests,
methods and conditions of preparation, dimensions, and all
other pertinent information shail be included. Compression
molding shali be the referes method.

11. Test ivlethods

1 1.1 Conditioning—The test specimen for deflection temn-
perature (Test Method D 648} shall be conditioned in
accordance with Procedure B of Methods B2 618, except that
the minimum conditioning time in the circulating air oven
shall be 24 h. All other molded test specimens shall be
conditioned in accordance with Procedure A of Methods
D 6!8. The minimum conditioning time shall be 24 h.

11.2 Test Conditions—Unless otherwise specified in the
1zsting methods or in this specification, tests shall bz
conducted in the Standard Laboratory Atmosphers of 23 =
C (734 % 3.6'F) and 50 + 5 % relative humidity. In cases
of disagreement, the tolerances shall be =1°C (%1.8°F) and
=72 % relative humidity,

113 Tensile Strength and Modwlus of Elasticity—Test
Mathod D 638, using Type I specimens.

wote o—Tuemens indusinal praciics usss a specimen thickness of 3.2
=04 mm (013 % 0.02 in) and 2 speed of t2stinz of 5.1 mm {0.20

1.4 Flexura! Yicld Strengih—Procedur: B of Test Meth-
ods D 780 using 12.5 by 3.2 mm (%> by '3 in,) specimens, 2
in. span at 1.3 mm/min (0.03 in./min).

11.5 Impact Strength ({zodj—Method A of Test Methods
D 236, using 6.33-mm (0.23-in.} thick specimens. The spec-
ims=ns may be compression- or injection-molded with ths
provision that compression-molded specimens built up as
iaminatss in which completz fusion is obtained shall be
azceptable. Compiziz fusion means thare shall be no evi-
dznce of fraying or dziamination at the break,

11.6 Deflection Ternperature—Test Method D 648 using
1250y 3.2 mm {%» by Y3 1n.) specimens under 1.82 MPa (264
psi) load,

11.7 Flammabili;y—Test Mathod D 6335,

1 1.8 Chemical Resistance-—Test Method D 543, using the
tzst specimen 25.4 by 76.2 by 3.2 mm {1 by 3 by Y2 in.) and
thz test conditions and reagents specified in Table 2 as
follows:

11.8.1 Sulfuric Acid (93.0 %)—The acid shall be 66°
Baumé$ {92.95 to 93.41 % sulfunc acid (F,SC,) sp gr 1.836=
to 1.8344 at 60/60°F). The specimen must be completely
immersad in the zeid.

11.8.2 Sulfuric Acid (80 %)-The concentration of 80 %
H,50, is not critical but must be held to an 80 £ 2 % level to
neet the requirements of this specification. The samples
rmust be immersed completzly. Glass or acid-resistant wire
may be used for sinkers.

(1.8.3 Adjustment of Acid Strength—The H,S50, content
of the acid solutions may be detzrmined by tilration with

sodium hydroxide (NaOH) soliation and methyl” orangs .

indicator ot by specific gravity with hydrometers sensitive
and accuratz o 0.00L. The H,.SO, content should be
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adjusted to the required strength by mixing dilute and
coacentrated acids.

11.8.4 ASTA Oil No. 3—ASTM Oil No. 3 shall meet the
requirements prescribed in Test Method D 471,

11.9 Particle Size (Sieve Ana!ysu of Plastic Materialsy—
Test Methods D 1921,

12. Inspectlon :

12.1 Inspection of the material shall be made as agreed
upon by the purchaser and thc seller as part of the purchase
contract.

13. Packaging and Package Markmg

13.1 Packaging—The material shall be packaged in stan-
dard commercial containers, so constructed as to ensure
acceptance by common or other carriers for safe transporta-

APPENDIXES

-Practice D 3892 shall apply to this spemﬁcanon oo

tion at the lowest rate to the point of delivery, ume&.
otherwise specified in the contract or order. N
13.2 Marking—Unless otherwise agreed upon betv.un'
the purchaser and seller, shipping containers shall be Mmarkeg
with the name of the materal, and the name of the
manufacturer, class, batch or lot numbcr quantity containeq
therein, as defined by the contract or order -under whigp,
shipment is made, the name of the seller, and the number of
the contract or order. YL
13.3 All packing, packaging, and marking provisions Df‘

14. heywords
14.1 chlorinated po!y(wnyl ch]onde) (CPVC}, CPVC

compounds poly(wnyl ch}onde) (PVC}, PVC compouuds
2id PVC

{MNoamandatory Information)

X1. CLASSIFICATION OF COMMERCIAL TYPES AND GRADES OF RIGID POLY{YINYL
.CHLORIDE) COMPOUNDS

TABLE X1.1

Comparison ¢! Former and New Designations

Fermer Commercial Type and Grads

frzm Fermer Specification
D173+ -65T

Class kom Takie |

- Typa |, Grade 1
Tyme |, Grade 2
Type |, Grace 3
Type I, Grage 1
Type lif, Grade 1
Type IV, Gracde 1
Tysa V, Grade 1

12454
12454-C
114438
143330
13232

23447-B
152238

2.
TABLE X2.1

CLASSIFICATION OF COMMERCIAL TYPES AND GRADES OF RIGID VINYL CHLORIDE COPOLY\IERH

Comparisen of Former and New Demgnahons i

Former Cemmercial Type and Grade

frem Former Specification
D214 -65

Class from Table 1

Type |, Grads 1
Type |, Grade 2
Typ2 I, Grade 1
Typa U, Grade 2
Type il, Grade 3

51332 .
51331 ’ ’
52222

§3212 .

55212 . .

The American Seciety for Testing and Matariais takss ne pesition r

25pecting the validity c;'a1y patent rights asseried jn cennection

with any flem menticned in this standard. Users of this standard are expresshy advised that delermination of the vahdfr‘/ of a‘ny such
patant rights, and the tisk of inlringement of such rights, are entirely their own responsibility. -

This standard is subjact

to revision al any lime by the responsible tec

chrical commities and must be reviewed avery five years and

it not ravised, either reapproved of withdrawn, Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at & meeling of the responsitis
tachnical commities, which you may aftend. If you ls2! that your comments have not recelved a fair hearing you should make your
views kaown to the ASTA Commitiee on Standards, 1916 Race St., Philadzlpkia, PA 13103
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Client: _Slough Estates USA Inc Project: Britannia East Grand Ph 1l Project/Proposal No.: _8C0347 Task No.: 01

GEOTEXTILE PUNCTURE PROTECTION OF LIQUID BOOT
BUILDING 2

OBJECTIVE

At the proposed Britannia East Grand development site in South San Francisco, California, an
80-mil (2.0-mm) Liquid Boot cold spray applied geomembrane gas barrier will be subjected to
forces, such as foot traffic, steel reinforcement and poured concrete that may damage the Liquid
Boot geomembrane. The Liquid Boot geomembrane will be spray applied to a heat bonded
nonwoven carrier geotextile, which will serve to protect the geomembrane from puncture. In
addition, a nonwoven needle-punched cushion geotextile will be installed over the geomembrane
gas barrier to protect the geomembrane gas barrier from damage during installation of the
overlying reinforcement and concrete siab. The objective of this calculation is to evaluate the
required puncture strength of both the heat bonded nonwoven carrier geotextile and the
nonwoven, needle-punched cushion geotextile.

SUMMARY OF ANALYSIS

The analysis suggests that the puncture strength of the heat bonded nonwoven carrier geotextile
be greater than 41 1bs. for Ling 3401. The analysis also suggests that the puncture strength of the
nonwoven needle-punched cushion geotextile be greater than 78.0 Ibs. for 10 oz/yd®. A summary
of required geotextile properties and a list of geotextile products that meet the material
requirements are provided at the end of this calculation package.

SITE CONDITIONS

The components beneath the building are the following, from top to bottom:
- 10 inches of concrete;
- protection course (a nonwoven needle-punched cushion geotextile);
- 80 mil Liquid Boot geomembrane for calculation (minimum thickness
recommended [00-mil)
- heat bonded nonwoven carrier geotextile; and

A cross-section of the gas extraction system is presented as Attachment A.

P L A . 5 .
PAPRISDWP\Current Projects\SCO347 Britannia East Grand Ph NCales\SC(347_1LBPuncture_bldg2.doc ﬂ
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ANALYSIS

e OVERLYING PRESSURE:

The gas barrier system will be overlain by a nonwoven needle-punched cushion geotextile and a
10 inch concrete floor slab. The maximum loading will be no greater than the loads associated
with the construction of the concrete structural slab. The construction loads include foot traffic,
steel reinforcement and associated support, and the load of the concrete. This pressure will be
exerted directly on the geotextile/geomembrane.

1. Assuming the unit weight of the concrete is 150 pcf, the pressure on the geomembrane due to
concrete is assumed to be:

(150 pe0:833 )= 125 pst = 868 s

2. Steel reinforcement loads are assumed to be a combination of the top and bottom
reinforcement, both spaced 10” on center. It is assumed that the reinforcement is supported
by a 2”x2” masonry support, spaced every 5 ft. Reinforcement will be #4 steel bars, with a
nominal diameter of 0.500 in. and a nominal weight of 0.668 Ibs./ft. (Attachment B).

To calculate the weight of reinforcement per square foot in the top rebar, the amount of steel
is determined. Four feet of reinforcement is used per square foot, and half of the weight for
each bar is attributed per square foot of pressure.

Top: for 1 sq. ft., pressure = 4 ft.* 0.668 lbs./fi = 2.672 Ibs.
for 5 sq. ft., pressure = 5% % 4 ft, * 0.668 Ibs./ft = 66.8 lbs.
—6681bs/(21n*21n)—| i

To calculate the weight of reinforcement per square foot in the bottom rebar, the amount of
steel is determined. Two feet of reinforcement is used per square foot.

Bottom: for 1 sq. ft., pressure = 2 ft * 0.668 Ibs./ft = 1.336 lbs.
For 5 sq. ft. pressure = 5 * 21t _* 0.668 lbs./ft = 33.4 lbs.

Total Steel Rebar Pressure = 16.7 + 8.35=25.1 psi

p

PAPRNSDWP\ Current Projects\SC0347 Britannia East Grand Ph INCales\SC0347 _LBPuncture_bldg2.doc
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Based on the above calculations, the combined pressure resulting from the concrete and rebar
dead weight will be used to design the required cushion geotextiles. The combined pressure is:

(0.868 psi) + (25.1 psi) = 26.0 psi
APPROACH
e CUSHION GEOTEXTILE

The cushion geotextile will serve to protect the Liquid Boot geomembrane from puncture by the
2”x2” masonry blocks.

Koerner has developed the following method for evaluating the puncture resistance of a
geotextile:

Fyer = {(ndp)(hy)p’]S’ {Attachment C)
where Foen = the total vertical force imposed on the fibers,

d, = the average diameter of the hole

hy = the propagation height

p = the pressure exerted on the geotextile,

S = the shape factor, varying from 0 for blunt objects to 1.0 for sharp objects
EVALUATE EQUATION
dy= 2 in (from the 2”x 2 masonry blocks)
hy = 2 in. (from the 2”x 2” masonry blocks)
p = 26.0 psi
St= 0.1 (masonry block is relatively blunt)

Plugging in variables,

Frer = [(mdp)(hy)p’}S”
= [(n* 2 in.)(2 in.}26.0 psi)]{0.1)
= 32.6 lbs.

o o A 5
PAPRISDWI\Current Projects\SC0347 Britannia East Grand Ph INCales\SC0347_LBPuncure_bldg2.doc ﬁ
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Koerner suggests applying partial factor of safety values to the ultimate puncture strength of the
geotextile to account for installation damage, creep, and chemical and biological degradation
(Attachment C). Therefore, the following values for geotextiles used in separation, as suggested
by Koerner, will be used:

. Installation Damage 2.0
. Creep 1.2
. Chemical Degradation 1.0
L Biological Degradation 1.0

Therefore, the allowable puncture strength of the geotextile (Fyjow) as measured by ASTM D4833
is:

Fatow = 32.6 1bs.(2.0)(1.2)(1.0)(1.0) = 78.17 Ibs. ~ 78.0 Ibs.

e CARRIER GEOTEXTILE

The geotextile typically used in this application is Typar type heat bonded nonwoven geotextiles
distributed by Ling Industries. Based on Ling geotextile specifications (Attachment D), Typar
3401 will provide a puncture resistance of 41 lbs.

The puncture resistance needed for the carrier geotextile is negligible due to the combined mass
per unit area of 12 oz/yd® for the two geotextile components of the geocomposite, which is
acceptable based on the above calculations for a 27 square blunt object. Since the geocomposite
and carrier geotextile will overlie native soil, a maximum particle size will be determined as
follows:

Puncture strength of geotextiles = carrier geotextile strength

Puncture strength = 41 lbs.

Dividing by Koerner’s factors of safety described above,

Puncture strength =41 1bs./[(2.0)(1.2)}(1.0X1.0)]
= 17.1 lbs.

Using Koerner’s method for evaluating puncture resistance described above,

PAAPRNSDWP\Current Projecis\SCG347 Britannia East Grand Ph I1'Cales\SC0347_LBPunciure_bldg2.doc ' AR,
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Fuen = [(m)(d)p’]$° (Attachment C)

where Foen = the total vertical force imposed on the fibers,
= the average diameter of the particle

p = the pressure exerted on the geotextile,

St = the shape factor

EVALUATE EQUATION

Fven = 17.1 tos.
p = 32.6 psi

§*= 0.75 (assumed for particles in soil)

Plugging in variables,

Fen  =[m(d)p’]S’

17.1 = [(m)(d))(32.6 ps)](0.75)
d? = (.22

d =0.47 in

Therefore, the maximum particle size should be limited to, dmay = 7/16”

CONCLUSIONS

Assuming the following:

. the construction loads do not exceed 32.6 psi; and
. the rebar supports are 2”x 2” masonry blocks, spaced 5 ft. on center.

A heat bonded nonwoven carrier geotextile with a puncture strength greater than 41 lbs. will be
adequate for protection of the Liquid Boot geomembrane. A nonwoven needle-punched cushion
geotextile with a puncture strength greater than 78.0 bs. will be adequate for protection of the
Liquid Boot geomembrane,

- . A, ¢ -
PAPRNSDWP\Crrrent Projects\SCO347 Britannia East Grand Ph INCales\SC0347_LBPuncture_bldg2.doc A
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e COMPLETE SET OF GEOTEXTILE PROPERTIES

Typical Typar 3401 heat bonded nonwoven carrier geotextile, when subjected to laboratory
testing, should provide the following mechanical property values:

Property Value
puncture strength > 41 Ib.
grab strength > 130 Ib.
burst strength > 140 psi
trapezoidal tear > 60 1b.
ultraviolet strength retention >70 %

Typical nonwoven needle-punched 10 oz/yd® cushion geotextile, when subjected to laboratory
testing, should provide the following mechanical property values:

Property Value
puncture strength >78.0 1b.
grab strength > 250 1b.
burst strength > 460 psi
trapezoidal tear > 100 Ib.
ultraviolet strength retention >70 %

e GEOTEXTILE PRODUCTS THAT MEET REQUIREMENTS

The following is a partial list of geotextile products that meet the property values stated above for
carrier geotextile:

e Ling Typar 3401

The following is a partial list of geotextile products that meet the property values stated above for
cushion geotextile:

Amoco 4510

Ling 275EX

Synthetic Industries Geotex 1001
TC Mirafi 1100N

e 8 & &

- e y —2 ..
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APPENDIX E — STEEL REINFORCEMENT INFORMATION

ACi BUILDING CODE/COMMENTARY

318/318R-363

As an aid to users of the AC| Building Code, information on sizes, areas, and weights of various stee]

reinforcement is presented.

ASTM STANDARD REINFORCING BARS

Nominal Nominal area, | Nominal weight,
Bar size, no. diameler, in. in2 Ib/ft
3 0375 0.11 0.376
4 0.500 0.20 0.668
5 0.625 03¢ 1.043
6 0.750 0.44 1.502
7 0.875 0.60 2.044
8 1.000 0.79 2.670
9 1.128 1.00 3400
10 1.270 1.27 4.303
LB 1.410 1.56 5313
14 1.693 2.25 7.650
i8 2,257 4,00 13.600

ASTM STANDARD PRESTRESSING TENDONS

Nominal Nominal arca, | Nominal weight,
Typs" diameler, in. in2 b/t
Seven-wire strand 1/4 {0.250) 0.036 0.122
{Grade 250) 516 (0.313) 0.058 0.197
3/8 (0.375) 0.080 0.272
/16 (0.438) 0.108 0367
172 (0.500) 0.144 0.490
{0.600) 0.216 0.737
Seven-wire strand 3/8 (0.373) 0.085 0,260
(Grade 270) 716 (0.438) 0.115 0.39%
1/2 (0.500) 0.153 0.520
{0.600 0.217 0.740
Prestressing wire 0.192 0.029 0.098 .
0.196 0.030 0.100
0250 0.049 070
0276 0.060 0.200
Prestressing bars 3i4 0.44 1.50
(plain) 18 0.60 2.04
1 0718 2.67
1-1/3 0.99 3.38
1-14 1.23 417
1-3/8 1.48 5.05
Presteessing bars 5/8 0.28 0.98
{deformed) 274 0.42 1.49
1 0.85 3.0l
[-1/4 1.25 4.39
1-3/8 1.58 5.56

* Avaitabilily of some tendun sizes should be investigated in advance.

Machwont £ ')
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Sec. 2.5 Designing for Separation 131

Stone
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course

\

Geotextile

XXXXXXXXXXXX

e -’-I | Soil subgrade. -\

Figure 2.26 Geotextile being subjected to
tensile (Grab) stress as surface pressure is
applied and stone base tends to spread later-
ally. (a) Actual sitnatior. (b) Analogous
{6} grab tension test,

2.5.4 Puncture (Tear]) Resistance

Although not only related to the separation function, the geotextile during its placement
must survive the installation process. Indeed, fabric survivability is critical in all types of
applications; without it, the best of designs are futile (recall Section 2.2.6.1). In this
regard, sharp stones, tree stumps, roots, miscellaneous debris, and other things on the
ground beneath the geotextile could puncture through the fabric after stone base and traffic
loads are imposed above it. The design method suggested for this situation is shown
schematically in Figure 2.27. For these conditions, the vertical force exerted on the geo-
textile (which is gradually tightening around the cbject) is as follows:

Fw.'n = [(Wd}:) (hij) Q’JS' ) (226)

Fien = the total vertical force imposed on the fibers adjacent to the puncture;
d;, = the average diameter of the hole, where d, (maximum) = d, = average
diameter of the aggregate (or stump, etfc.);
= the propagation height (=d,);
the pressure exerted on the geotextile (usually 75% to 100% of tire inflation
pressure at the ground surface); and

5" = the shape factor varying from O for rounded blunt objects to [.0 for sharp
angular objects (for aggregate particles, the shape factor can be assumed to
be {1.0 -~ §), where § is the sphericity, from § = A /A, where A, is the

i
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132 Designing with Geotextiles Chap, 2 Sec. 7

projected area of the particle and A, is the area of the smallest circumseribing

circle around the particle; typical values of § are 0.8 for Ottawa sand, 0.7 for develc
run-of-bank gravel, 0.4 for crushed rock, and 0.3 for shot rock). an ini
spheri

This vertical force must now be converted into a tensile force in the fibers of the geotextile.
This is indeed a complex problem, since both radial friction and axial rotation of the fibers
against the protrusion are involved. As an approximation, however, we can use

F d,
= 2 (2.27)
Tnch i
where
Fuen = the total vertical force on fibers,
Trequ = the required tensile force in fibers,
d, = the average diameter of the stone, and
d; = the initizl average void diameter of geotextile.
Combining equations, with the assumptions noted above, one obtains
d‘ ] '
Trch ("_{ = (?Td%!? )5
dJ
Tn.‘qd = (Wdldﬂ) P'S,' (228)

|

This vatue of Ty can be compared to the puncture test (if the object is biunt, causing
puncture) or to the tear test (if the object is sharp, causing tear). Both types of tests were
described in Section 2.2.3.

Figure 2.27 Visualization of a stoae punc-
turing a geotextile as pressure is applied (rom
above.
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iles  Chap. 2 Sec. 2.3 Allowable Versus Ultimate Geotextile Properties 115
TABLE 2,12 RECOMMENDED PARTIAL FACTOR OF SAFETY VALUES
FOR USE IN EQUATION 2.18
8 Various partial factors of safety
Application Installation Chemical Biological
area damage Creep* degradation degradation
2 separation l.ito2.5 1.0w 1.2 1.0w 1.5 i01w0l1.2
:_] cushioning 1.1t 2.0 121 1.5 1.0t 2.0 1.0w 1.2
ng-cm unpaved roads 1.110 2.0 151025 1.0wl.5 POt 1.2
walls .11 2.0 201040 1.0to 1.5 10wl3
embankments 1.t 2.0 20030 1.0t 1.5 {0t 1.3
m bearing capacity 1.1 10 2.0 2010 4.0 1.0 1.5 1.010 1.3
m slope stabilization lL.1to 1.5 1.5t02.0 1.0t 1.5 [01w1l3
pavement overlays f.lwo L5 1.01 1.2 1.t .5 11w 1.1
P railroads 1.510 3.6 1.0t 1.5 1.5 2.0 1.0w 1.2
flexible forms l.ito L5 1.5 10 3.0 10w 1.5 1.0w 1.1
silt fences litol5 1.5t0 2.5 1.0w 1.5 1.0w 1.4

*The low end of the range refers to results that have been compensaied for creep in the
performance of the tests.

I
o 2.18
Td”( L3 (FS!D % FSCR % FSC'D X FSED) ( )

where

X 107 m¥min.-m
Tanow = the allowable tensile strength,

T. = the ultimate tensile strength,
FS;p = the factor of safety for installation damage,
FScr = the factor of safety for creep,
FSep = the factor of safety for chemical degradation, and .
FSpp = the factor of safety for biological degradation. [ ¢fs¢ % EB

Note that this equation could just as well have been formulated as fractional multipliers
(=1.0) and placed in the numerator of the equation. It is placed in this form because other
studies have done likewise (e.g., Yoskamp and Risseeuw [37]). While the equation indi-
cates tensile strength, it can equally well be applied to burst strength, tear strength, punc-
ture strength, seam strength, etc.

For problems dealing with flow through or within a geotextile, the formulation takes
the following form with typical values given in Table 2.13. Note that these values must be
tempered with site-specific conditions as was the case with the previous table.

1 .
= a 2.19
dall Funt (FSSCB X FSCR x FS,'N x FSCC x FSBC) ( }
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Client: Slough Estates USA In¢ Project: Britannia East Grand Ph II Project/Proposal No.: SC0347 Task No.: 01

GEOTEXTILE PUNCTURE PROTECTION OF LIQUID BOOT
PARKING STRUCTURE B

OBJECTIVE

At the proposed Britannia East Grand development site in South San Francisco, California, an
80-mil (2.0-mm) Liquid Boot cold spray applied geomembrane gas barrier will be subjected to
forces, such as foot traffic, steel reinforcement and poured concrete that may damage the Liquid
Boot geomembrane. The Liquid Boot geomembrane will be spray applied to a heat bonded
nonwoven carrier geotextile, which will serve to protect the geomembrane from puncture. In
addition, a nonwoven needle-punched cushion geotextile will be installed over the geomembrane
gas barrier to protect the geomembrane gas barrier from damage during installation of the
overlying reinforcement and concrete slab. The objective of this calculation is to evaluate the
required puncture strength of both the heat bonded nonwoven carrier geotextile and the
nonwoven, needle-punched cushion geotextile.

SUMMARY OF ANALYSIS

The analysis suggests that the puncture strength of the heat bonded nonwoven carrier geotextile
be greater than 41 Ibs. for Ling 3401. The analysis also suggests that the puncture strength of the
nonwoven needle-punched cushion geotextile be greater than 116 ibs. for 10 oz/yd®. A summary
of required geotextile properties and a list of geotextile products that meet the material
requirements are provided at the end of this calculation package.

SITE CONDITIONS

The components beneath the building are the following, from top to bottom:
- 10 inches of concrete;
- protection course {(a nonwoven needle-punched cushion geotextile);
- 80 mil Liquid Boot geomembrane for calculation (minimum thickness
recommended 100-mil)
- heat bonded nonwoven carrier geotextile; and

A cross-section of the gas extraction system is presented as Attachment A.

PAPRISDWPICurrent Projects\SCG347 Britannia East Grand Ph INCalcs\SC0347_LBPuncture_PSB.doc ﬂ
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ANALYSIS
e OVERLYING PRESSURE:

The gas barrier system will be overlain by a nonwoven needle-punched cushion geotextile and a
10 inch concrete floor slab. The maximum loading will be no greater than the loads associated
with the construction of the concrete structural slab. The construction loads include foot traffic,
steel reinforcement and associated support, and the load of the concrete. This pressure will be
exerted directly on the geotextile/geomembrane.

I. Assuming the unit weight of the concrete is 150 pcf, the pressure on the geomembrane due to
concrete is assumed 1o be:

(150 pef)(0.833 ft) = 125 psf=[0.868 psi

2. Steel reinforcement loads are assumed to be a combination of the top and bottom
reinforcement, both spaced 12” on center. It is assumed that the reinforcement is supported
by a 2”x2” masonry support, spaced every 5 fi. Reinforcement will be #6 steel bars, with a
nominal diameter of 0.750 in. and a nominal weight of 1.502 Ibs./ft. (Attachment B).

To calculate the weight of reinforcement per square foot in the top rebar, the amount of steel
is determined. Four feet of reinforcement is used per square foot, and half of the weight for
each bar is attributed per square foot of pressure.

Top: for 1 sq. fi., pressure = 1/2*(4 ft.* 1.502 lbs./ft) = 3.004 Ibs.
for 5 sq. ft., pressure = 5* 1/2%(4 f1. *1.502 lbs./ft) = 75.100 lbs.
=75.100 Ibs./ (2 in.* 2 in.) ={18.8 psi

To calculate the weight of reinforcement per square foot in the bottom rebar, the amount of
steel is determined. Two feet of reinforcement is used per square foot.

Bottom: for 1 sq. fi., pressure = 2 ft * 1.502 lbs./ft = 3.004 Ibs.
For 5 sq. ft., pressure = 5% * 2 ft. * 1.502 Ibs./ft = 75.100 Ibs.
= 75.100 Ibs./(2 in.* 2in.) = [18.8 psi

Total Steel Rebar Pressure = 18.8 + 18.8 = 37.6 psi

= - A .
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Based on the above calculations, the combined pressure resulting from the concrete and rebar
dead weight will be used to design the required cushion geotextiles. The combined pressure is:

(0.868 psi) + (37.6 psi) = 38.5 psi
APPROACH
e CUSHION GEOTEXTILE

The cushion geotextile will serve to protect the Liquid Boot geomembrane from puncture by the
27x2” masonry blocks.

Koerner has developed the following method for evaluating the puncture resistance of a
geotextile:

Fyen = [(mdp)(hy)p’1S’ (Attachment C)
where Foenn = the total vertical force imposed on the fibers,

dy = the average diameter of the hole

hy = the propagation height

p = the pressure exerted on the geotextile,

S’ = the shape factor, varying from 0 for blunt objects to 1.0 for sharp objects
EVALUATE EQUATION
dy= 2in (from the 2”x 2” masonry blocks)
hy, = 2in. (from the 2”x 2” masonry blocks)
p = 38.5 psi
S’ = 0.1 (masonry block is relatively blunt)

Plugging in variables,

Fyen = [(ﬁdh)(hh)p,]s,
= [(r* 2 in)(2 in.)(38.5 psi)](0.1)
= 48.34 ]bs.
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Koerner suggests applying partial factor of safety values to the ultimate puncture strength of the
geotextile to account for installation damage, creep, and chemical and biological degradation
(Attachment C). Therefore, the following values for geotextiles used in separation, as suggested
by Koerner, will be used:

) Installation Damage 2.0
] Creep 1.2
. Chemical Degradation 1.0
) Biological Degradation 1.0

Therefore, the allowable puncture strength of the geotextile (Faow) as measured by ASTM D4833
is:

Faow = 48.34 165.(2.0)(1.2)(1.0)(1.0) = 116.016 Ibs. ~ 116 Ibs.

® CARRIER GEOTEXTILE

The geotextile typically used in this application is Typar type heat bonded nonwoven geotextiles
distributed by Ling Industries. Based on Ling geotextile specifications (Attachment D), Typar
3401 will provide a puncture resistance of 41 1bs.

The puncture resistance needed for the carrier geotextile is negligible due to the combined mass
per unit area of 12 oz/yd® for the two geotextile components of the geocomposite, which is
acceptable based on the above calculations for a 2” square blunt object. Since the geocomposite
and carrier geotextile will overlie native soil, a maximum particle size will be determined as
follows:

Puncture strength of geotextiles = carrier geotextile strength
Puncture strength = 41 lIbs.
Dividing by Koerner’s factors of safety described above,

Puncture strength =41 bs./[(2.0)(1.2)(1.0)(1.0)]
=17.1 lbs.

S P A, ¢ -
PAPRASDWPYCurrent Projects\SC0347 Britannia East Grand Ph INCales\SC0347_LBPuncture_PSB.doc ﬂ




age 5 of 7

GEOSYNTEC CONSULTANTS P

Written by: _Steve Fitzwilliam Date: 06/3/15 Reviewed by: Greg Corcoran Date:
YY MM DD YY

Client: Slough Estates USA Inc Project: Britannia East Grand Ph 11 Project/Proposal No.: _SCG347 Task No.: 01

Using Koerner’s method for evaluating puncture resistance described above,

Fyen = [()(dD)p’]S’ (Attachment C)
where Fyent = the total vertical force imposed on the fibers,
d = the average diameter of the particle
p = the pressure exerted on the geotextile,
S = the shape factor
EVALUATE EQUATION
Fyen = 17.1 1bs.
p = 38.5 psi
S’ = 0.75 (assumed for particles in soil)

Plugging in variables,

Fun = [m(dp’]S’

17.1 = [(m)(d)(38.5 psi)](0.75)
d? =189

d = 43 in

Therefore, the maximum particle size should be limited to, dpyax = 7/16”

CONCLUSIONS

Assuming the following:

s the construction loads do not exceed 17.6 psi; and
. the rebar supports are 2x 2” masonry blocks, spaced 5 ft. on center.

A heat bonded nonwoven carrier geotextile with a puncture strength greater than 41 lbs. will be
adequate for protection of the Liquid Boot geomembrane. A nonwoven needle-punched cushion
geotextile with a puncture strength greater than 116 lbs. will be adequate for protection of the
Liquid Boot geomembrane.

/

MM DD

PAPRASDWE\Current Projects\SC0347 Britannia East Grand Ph I/\Cales\SC0347_LBPuncture_PSB.doc ' T Al



GEOSYNTEC CONSULTANTS

Page 6 of 7

06/3/15
YY WM BD

Written by: Steve Fitzwilliam Date: Reviewed by: Greg Corcoran Date: I/

YY MM DD

Client: Stough Estates USA Inc Project: Britannia East Grand Ph |l Project/Proposal No.: _SC0347 Task No.: 01

o COMPLETE SET OF GEOTEXTILE PROPERTIES

Typical Typar 3401 heat bonded nonwoven carrier geotextile, when subjected to laboratory
testing, should provide the following mechanical property values:

Property Value
puncture strength >4] lb.
grab strength > 130 1b.
burst strength > 140 psi
trapezoidal tear > 60 1b.
ultraviolet strength retention >70%

Typical nonwoven needlé-punched 10 oz/yd® cushion geotextile, when subjected to laboratory
testing, should provide the following mechanical property values:

Property

puncture strength

grab strength

burst strength

trapezoidal tear

ultraviolet strength retention

Value

> 116 ib.
> 250 b,
> 460 psi
> 100 Ib.
>70%

¢ GEOTEXTILE PRODUCTS THAT MEET REQUIREMENTS

The following is a partial list of geotextile products that meet the property values stated above for

carrier geotextile:

e Ling Typar 3401

The following is a partial list of geotextile products that meet the property values stated above for

cushion geotextile:

Amoco 4510
Ling 275EX

TC Mirafi 1100N

PAPRASDWP\Current Projects\SC0347 Britannia East Grand Ph INCalcs\SC0347_LBPunciure_PSB.doc
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APPENDIX E — STEEL REINFORCEMENT INFORMATION

ACI BUILDING CODE/COMMENTARY

318/318R-363

As an aid to users of the ACI Building Code, information on sizes, areas, and weights of various stee]

reinforcement [s presented.

ASTM STANDARD REINFORCING BARS

Nominral Nominal arez, | Nominal weigh,
Bar size, no. diameter, in. in2 Tofit
3 0.375 0.11 0376
4 0.500 0.20 0.668
5 0.625 0.31 1.043
6 0.750 0.44 1.502
7 0.875 0.60 2.044
8 1.000 0.79 2670
g 1.128 1.00 3.400
10 1,270 1.27 4,303
11 1.410 1.56 5313
14 1.693 2.25 7.650
183 2257 4.00 13.600

ASTM STANDARD PRESTRESSING TENDONS

. Nominal Nomina._l’ arcy, | Norninal weight,
Type diameter, in. in~ b/t
Seven-wire sirand 144 (0.250; 0.036 0.122
{Grade 250 5116 (0.313) 0.058 £.197

3R (0.315) 0.080 0272
74146 (0.438) 0.108 0.367
172 (0.500) 0144 0.450
{0.600) 0216 0.737
Seven-wire strand 3/8 (8.375) 0.085 0.260
(Grad 270) 7116 (0.438) 0.115 0390
1/2 (0.500) 0.153 0.520
(0.600) 0.217 0.740
Prestressing wire 0.192 0.029 0.098 .
0.196 0.030 0.100
0.250 0.049 0.179
0.276 0,060 0.200
Prestressing bars 3/4 0.44 1.50
{plai=) 718 0.60 2.04
1 0,78 2.67
1-1/8 0.99 3.38
1344 1.23 417
1-3/8 1.48 5.05
Prestressing bars 58 0.28 0.58
{deformed) 344 0.42 1.49
1 0.83 3.01
1-1/4 1.25 4,39
1-3/8 1,58 5.56

* Availability of some tendoa sizes should be iavestigated in advance,

-
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Sec. 2.5 Designing for Separation 131

Stone
base
tourse
/Geotextile
XXXXXXXXX X XXXXXXXXXXXXXXXX
Sonl sU‘grade v
{a}
[ — il {—1'_i__m_._ Figure 2,26 Geotextile being subjected 1o
jo— — tensite (Grab) stress as surface pressurs is
| i applied and stone base tends to spread laer:
ally. (3} Acwal siwation. (b) Analogous
I} grab tension tesi.

2.5.4 Puncture (Tear) Resistance

Although not only related 10 the separation function, the geotextile during its placement
must survive the instzallation process. Indeed, fabric survivability is critical in all types of
applications; without it, the best of designs are futile (recall Section 2.2.6.1). In this
regard, sharp stones, tree stumps, rcots, miscellaneous debris, and other things on the
ground beneath the geotextile could puncture through the fabric after stone base and traffic
loads are imposed above it. The desizn method suggested for this situation is shown
schematically in Figure 2,27, For these conditions, the vertical force exerted on the geo-
textile (which is gradually tightening zround the object) is as follows:

\cn - [("d}r) (hh) f! ] .- (226)
where

Fyen = the 1otal vertical force impesed on the fibers adjacent to the puncture;

d, = the average diameter of the hole, where ¢y (maximum) = d, = average
diameter of the aggregaie (or stump, ete.);

Ay, = the propagation height (=d.);

p' = the pressure exerted on the geotextile (usually 75% to 100% of tire inflation
pressure at the ground surface); and

S = the shape factor varying from O for rounded blunt objects to 1.0 for sharp
angular objects (for aggregate particles, the shape factor can be assumed to
be (1.0 — 5), where § is the sphericity, from § = A JA,, where A, is the

Ii
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132 Designing with Geotextiles  Chap. 2

projected area of the particle and A, is the area of the smallest circumscribing
circle around the particie; typical values of § are 0.8 for Ottawa sand, 0.7 for
run-of-bank gravel, 0.4 for crushed rock, and 0.3 for shot rock).

This vertical force must now be converted into a tensile force in the fibers of the geotextile.
This is indeed a complex problem, since both radial friction and axial rotation of the fibers
against the protrusion are involved. As an approximation, however, we can use

Fren e (2.27
Trcqu’ dr ' )

where

Feen = the total vertical force on fibers,
Treqs = the required tensile force in fibers,
o, = the average diamwetsr of the stone, and

4, = the initial average void diameter of geotextile.
Cormbining equations. with the assumptions noted above, one obtaing
"d.s g e
Treq(! -] = (dep }S
d,
Tr-:q\.! = (Wdl([ﬂ) P’Sr (223]

This value of T can be campared to the puncture test (if the object is blunt, causiny
punciure) of to the tear test (if the object is sharp, causing tear). Both types of tosts were
deseribed in Section 2.2.3,

Figure 2,27 Visualization of 4 stone puns-
d turing a geotextile as pressure is applicd lrons
above.

Sec. ¥

devele

an ini
spheri



PFord
Text Box


les  Chap. 2 Sec. 2.3 Allowable Versus Ultimate Geotextile Properties 115
TABLE 2.12 RECOMMENDED PARTIAL FACTOR OF SAFETY VALUES
FOR USE IN EQUATION 2.18
3 Various pastial factors of safety
Application Installation Chemicat Biclogical
arca damage Creep* degradation degradation
. separation 1.l to 2.5 1.0t [.2 1.0w 1.5 .01 1.2
‘1 cushioning 1.ite 2.6 1210 L5 1.0t 2.0 1.0 1.2
g-cm unpaved roads 1.1102.0 151025 10w L5 1.0w 1.2
walls 1.1 2.0 201040 1.0w [.5 1.0t 1.3
embankments 1.1102,0 2.0w03.0 1.G1w L5 10w l.3
R B bearing capacity 1.110 2.0 2.0 4.0 .Gt 1.5 1.O0w 1.3
A i slope stabilization lltw 1.5 1.5t 2.0 101015 1.0t 1.3
2 pavement overlays Plio 15 1.0t 1.2 Lo LS 10w 1]
oy railcoads 15130  1.0wL5 15120 .00 1.2
R ¥ flexible forms llw .3 1510 3.0 10wls i.0w 1.1
: silt fencss Pl 13 L3w2s 1.0 1.3 10w 1.}

*The low end of the range refers 1o rasults that have been compensated for erezp in the
performance of the tesis.

ALt Ee Bt

1
Ta W = Tu{! ( ) 218
m FSio % Fen X FScp % FSnm (2.18)

where

<107 mimin -e

&3

' * Tatow = the allowable tenstle strength,

"? T4 = the ultimate tensile strength,
FSip = the faclor of safety for instaliation damage, .
FScr = the factor of safety for creep, a
FSep = the factor of safety for chemical degradation, and

FSpp = the factor of safety for biological degradation. [ ¢foe* B *B )

Nole that this equation could just as well have been formulated as fractional multipliers
(=1.0) and placed in the numerator of the equation. It is placed in this form because other
studies have done likewise {e.g., Yoskamp and Risseeuw [37]}. While the equation Indi-
cates tensile strength, it can equally well be applied to burst strength, tear strength, punc-
ture strength, seam strenglh, etc.

For problems dealing with flow through or within a geotextile, the formulation takes
the following form with typical values given in Table 2.13. Note that these values must be
tempered with site-specific conditions as was the case with the previous table.

Y ~ -
AR o ey S R e
AR R S CINE EE

1 ) .
uliow = u 2.19
s i (FSS(‘B X FSer X FSy X FSce % FSac ¢ )

A%o&wn’r /3
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H288 Transportation-Related Applications

Reinforcement Apphications

Filtrstion/Hydraulic Properties Physiaal P i
Permiciniy ek A Wide Width Tensile Propertias
Apparent | Permti Trapetaid JTH D 4595 XK/ (b/in)
Hass Per Opering | ASTH D 131 Toing | Gnb Tenilr|  E | = : -
Unit Arex Size sec Punctore Surength | Elangation = "y s"'"g"f @ Yiiimate Strength % Creep Limited
MM | pacear | AT Flow Bate | ST 457 o E L OE 3% Strain [ (g 1] Strengeh Taow Other
Pisduct Hime DU | Ggea k| POST | (Mort) [ | Ddss3 | DS | bagn | E S 1574 b $242 &Y ot Hanuhcturers
(Srructure {3}/ ot | owo.ans mm Umin_fm' N ] ki ;; = Hil {in 130d) Suggestad
Pabymer Type 1) [nefyd) v (US. sieve)]  {gal/min/hT} It {Ib) {1 bl = HD i1 HD bii} ki/m {l6/f) [8f Applications [4]
LINQ Industrial Fabrics Inc.
i T A T | =
Typar 3| i ke | 0.5 E ot | oin l 0E LoesM — | - #p KP | LN f e ! kP bRD
(HW-PP) e | | oo | [o) (s l ' | | | 3 i
Tpar 3401 e bon [omm Luw [oa e s et ‘ LN i wobow |ow Lo LousED
(MHP?) L o 18 (0, ;30 | l I : i | i
Typar 3501 1 e oen | e !ooaso | oods i o yoimse | owo ow ow fow bow ] w | sed
. ) | 60 18)/5 i ; ; :
[NW.PP) Lo PG {80y (140) : | | | i i i i
Typar 3631 N ' Ke 0.106 0.26. £ 0.155 G401 LI t 1 i L3 Kp L H HP P 5,50
(HW-PP) l {H0 {80 {%9) {150)/40
158X i { Hp oL Lo, 0.244 8.118 0.404 — — NP Liig NP WP RP P MO, ED
(HW-PF} | {1 (59) (40} {050
1308X e WP 0. REEA 0267 0.200 0.467 -— — i Kp Kp NP hig L1 MO E D
{HWE-PP) () {80) {19 {1as)s0
| ] ; E l |
HOEX P i NP 0.2 i 0289 0.1 054 l ] §B ST HP NP [ hig I P Hr b SLED
{841.99) ] Ty %) oo qeyse LT
i
1S0EX i ’ e 0.i8 L1, FH 0401 0289 0.734 T LS D Hp L4 e L1 his P 6,50
(4W-pP} I () 196) %) sy
160EX Wl oI LIt 0408 0.342 0.30t — — N e P rp hid g WD
(kW-PP) { (30) (90) g | (s
[1] WY = Homwoven, -F = needlepunched, - = calendered F = Filiratien b = Erovion Conteof NOTE: This equation does not inchsde other reduciion fac- P = Separation $/F= Silt Fence
W= Woven, § = it film &0 = Asphalt oveclyy tors which may apply ta design, Reduczion factors zre site spe- St = Suabilization 0 = Dainage
§ = fnired 0/C= Other/combination {5] KD = Hachine direction D= {rots-mackine direciion cific and should be reviewed on 2 per praject basis. {ontact I = Hirtion £ = Erevion Control
[2] PP = Polyprapylenc PET= Polyester {8} Tagpe™ Ip!: o the manvfacrurer for recommendations, NG = Aiphalt overlyy
{3 ER = Test is wn by the balling head method Rigy W Ry = 8Fy [1 for a minimum of 10,000 hoeurs, exteapolied 10 2 T5- W o= N .
GO = et 3 run by the consizat head method Riep= Reducuon Dxator for cresp year time pesiod \ - ot prwzdzd by manvhaurer
[4] P = Separation $IT= St feace Riig = Reduction factor lor imnallabon {amage 180 & = Reinforcement P o= Protection o= Hot applicable per manufacuurer
S = Stabiliation D = Desinage Rfg = Bedecton [ctor Jor ducabiliey R0 = Reinforcement {ompotite






