This document is not an ASTM standard and is intended only to provide the user of an ASTM standard an indication of what changes have been made to the previous version. Because
it may not be technically possible to adequately depict all changes accurately, ASTM recommends that users consult prior editions as appropriate. In all cases only the current version
of the standard as published by ASTM is to be considered the official document.

QGPIM/) ion: Designation: E2397 — 11
118

INTERNATIONAL

Standard Practice for
Determination of Dead Loads and Live Loads aAssociated
with Vegetative (Green) Roof Systems’

This standard is issued under the fixed designation E2397; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice covers a standardized procedure for predicting the system weight of a vegetative (green) roof system.

1.2 The proeedurepractice addresses the loads associated with vegetative (green) roof systems. Components that are typically
encountered in vegetative (green) roof systems include: membranes, non-absorptive plastic sheet components, metallic layers,
fabrics, geocomposite drain layers, synthetic reinforcing layers, cover/recover boards, insulation materials, growth media, granular
drainage media, and plant materials.

1.3 This precedurepractice also addresses the weight of the vegetative (green) roof system under two conditions: (/) weight
under drained conditions after new water additions by rainfall or irrigation have ceased (this includes the weight of retained water
and captured water), and (2) weight when rainfall or irrigation is actively occurring and the drainagedrain layer is completely filled
with water. The first condition is considered the dead load of the vegetative (green) roof system. The difference in weight between
the first and second conditions, approximated by the weight of transient water<usb>water in the drainagedrain layer, is considered
a live load.

1.4 This proeedurepractice does not address point or line loads associated with architectural elements that are not essential
components of a particular vegetative (green) roof system. These architectural elements may include pavement, walls, and
masonry, and so forth.

1.5 This preeedurepractice does not address live loads associated with construction activities.

1.6 This preeedurepractice does not address-tve loads associated with snow or wind.

1.7 The values stated in inch-pound units are to be regarded as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only and are not considered standard.

1.8 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and to determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:? Miest-Method e 7

E11 Specification for Woven Wire Test Sleve Cloth and Test Sleves

E631 Terminology of Building Constructions

E2114 Terminology for Sustainability Relative to the Performance of Buildings £2396

E2396 Test Method for Saturated Water Permeability of Granular Drainage Media [Falling-Head Method] for Vegetative
(Green) Roof Systems

E2398 Test Method for Water Capture and Media Retention of Geocomposite Drain Layers for Vegetative (Green) Roof
Systems

E2399 Test Method for Maximum Media Density for Dead Load Analysis of Green Roof Systems

3. Terminology

3.1 Definitions:

3.1.1 For terms related to building construction, refer to Terminology E631.

3.1.2 For terms related to sustainability relative to the performance of buildings, refer to Terminology E2114.
3.2 Definitions of Terms Specific to This Standard:

! This PrdCthC is under the ]urlbdlCthl’l of ASTM Commlttee E60 on Sustainability dl’ld is the direct responsibility of Subcommittee E60.01 on Buildings and Construction.
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I 3.2.1 captured water, n—the quantity of water that is retained in the drainagedrain layer of a vegetative (green) roof system after

new water additions have ceased and that cannot escape the roof except through evaporation or plant transpiration.

3.2.1.1 Discussion—Water capture is a design technique for enhancing the water holding properties of a vegetative (green) roof
system. Water may be captured using a number of techniques, including reeeptaetesreservoirs built into a geocomposite drain layer,
trays, and restricting drainage in order to hold water within the drainagedrain layer.n In some vegetative (green) roof systems a
granular course at the bottom of the vegetative (green) roof system provides both drainage and water capture functions. In this case
the captured water applies only to the thickness of the granular course for which drainage is restricted.A A method for determining
the captured water associated with geocomposites based on the unit water capture volume is provided in Test Method E2398. The
quantity of captured water will depend on whether or not the upper surface of the geocomposite drain layer is in-filled with granular
media.

3.2.2 geocomposite drain layer, n—a synthetic sheet, mat, or panel that is specifically designed to convey water horizontally
toward the roof deck drains, gutters, or scuppers.

3.2.2.1 Discussion—Geocomposite drainagedrain layers include absorptive drainagedrain mats whose principle function is
drainage, but which will also contribute to water retention (see retained water). Some geocomposite draifragedrain layers may
incorporate teeeptactesreservoirs on their upper surfaces that will capture water (see captured water).

3.2.3 maximum media density, n—the density of a mixed media material determined after it has been subjected to a specific
amount of compaction and hydrated by immersion to simulate prolonged exposure to both foot traffic and rainfall.

3.2.3.1 Discussion—The maximum media density applies to media in a drained condition. The measurement of the maximum
media density is provided in Test Method E2396E2399.

3.2.4 maximum media water retention—the quantity of water held in a media layer at the maximum media density, measured
in volume percent.

3.2.4.1 Discussion—A procedure for measurlng the maximum media water retention is prov1ded in Test Method E2399

325refamed—wafeﬂnodulen— hiehis+H hotts aysb eventta atn :

elements of vegetative (green) roof systems in a pre- -manufactured module
3.2.5.1 Discussion— e ator—thatic he

modules are des1gned to be placed adjacent to one another and hnked in order to tlle larger surfaces

3.2.6 retained water, n—water which is held for a period of hours or days but would eventually drain out given enough time
in the absence of evaporation or plant transpiration.

3.2.6.1 Discussion—Retained water is the quantity of water that is held for a prolonged period against gravity drainage in a
vegetative (green) roof system, or in one of its components, after new additions by rainfall or artificial irrigation have ceased.
Neglecting the effects of capillary rise, evaporation, and plant transpiration all of this water would eventually produce runoff.
However, in practice most of this water will not become runoff but will be lost to evaporation and the plant-mediated processes
of transpiration. This procedure describes standardized methods for estimating the quantity of water retained in a vegetative (green)

roof system.
3.2.7 roof system, n—see roofing system.

327
3.2.8 roofing system, n—assembly of interacting components demgned to weatherproof, and sometimes to insulate, the roof
surface of a building. € E631 )

3.2.8.1 Discussion—This term includes all components above the roof deck that are not part of the overlying vegetative (green)
roof system. In practice this usually means the waterproofing membrane and all materials below the waterproofing membrane,
down to the structural deck. It may include structural materials such as cover/recover board, insulation, protective layers,
fire-suppressing materials, and waterproofing materials. The weight of these components (assumed dry) must be obtained from the
manufacturer of the roofing system.

3:283.2.9 transient water, n—the quantity of water that is required to completely fill the dratnagedrain layer of a vegetative
(green) roof system, less the quantity of captured water.

3:2:8143.2.9.1 Discussion—Transient water fills the open space, including pore spaces. This water can only be held for a period
of minutes and drains immediately when rainfall additions end. This moisture contributes to the live load of the vegetative (green)
roof system.

4. Summary of Practice

4.1 This practice describes a systematic procedure for estimating the dead load and transient water live load of vegetative
(green) roof systems using information about the vegetative (green) roof components that are available from laboratory analysis.
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5. Significance and Use

5.1 This practice addresses performance characteristics for vegetative (green) roof systems with respect to the dead load and
transient water tive-load of the entire vegetative (green) roof system.

5.2 Determining these performance characteristics of vegetative (green) roof systems provides information to facilitate the
assessment of related engineering aspects of the facility. Such aspects may include structural design requirements, mechanical
engineering and thermal design requirements, and fire and life safety requirements.

5.3 Determining these performance characteristics of vegetative (green) roof systems provides information to facilitate
assessment of the performance of one vegetative (green) roof system relative to another.

6. Apparatus
6.1 Apparatus:

6.1.1 Scale, accurate to 0.005 oz (0.14 g);

6.1.2 Metal mesh with sieve opening size of U.S. #30 (0.6 mm), or larger, suspended from a drain stand;
6.1.3 Pan; and

6.1.4 Water bath. X

6.2 Units of measure: Ib/ft (kg/m?).

7. Procedure

7. 1 Wezght of All Non Absorptzve Sheet Component —These materrals include plastic or rubber membranes, closed-cell foam

layers, and the rigid or semi-rigid plastic cores of geocomposite drain layers. Also included is insulation provided as part of
protected membrane roofing (PMR) installation. Absorptive drainage mats and fabrics, including fabrics integrated with
geocomposite drain layers, are excluded (see 7.2 and 7.3). As needed, remove fabrics bonded to geocomposite drain layers for
separate measurement according to 7.2. Weigh a 4-in. by 4-in. (10-cm by 10-cm) piece. Multiply this weight by 9 (100) to convert
to unit welght in 1b/ft (kg/m ), and record.

7.2 ; . ;
n,_/p‘Welght of All Fabncs—4 in. by 4-in. (10-cm by 10-cm) sample in the dry condition. Multlply thrs Welght by 9 (100) to_convert
I,U bUllVblL I,U blllll, W\-lsllt T 1orTe

to_unit welght in lb/ft (kg/rn

Vv‘etght—ef—the—fetamed—water—asseeiﬂ-ted—\ﬁﬂa—fabﬁe— and record Th1s is the unit welght of the fabric. The drfference between the

two measurements is the unit welght of the retained water associated with the fabrlc Wr .
7 3 1 osals - . DR BUPSE P o - L

as Drain Layer Components—These materials include open-cell foam layers, porous mats fabricated from particles of plastic or rubber, and mats manufactured from coir or

other organic fibers. Weigh the pan using the scale. Weigh a 4-in. by 4-in. (10-cm by 10-cm) sample in the dry condition. Multiply this weight by 9 (100) to convert to unit
weight in Ib/ft (kg/mz) and record as the dry unit weight of the sample. Immerse the mat in the water bath for 24 hours. Withdraw

the mat from the water bath and without delay place the mat into the pan. Weigh the pan and its contents. Subtract the weight of
the pan and the dry weight of the mat. Recerd—the—trn—rt—Multlply this weight ef the-watercontained-inthe-mat-whenfiled-by 9 (100)

to convert to eapaert—yunlt weight in 1b/ft and record as the unit weight of the water contained in the mat when filled to capacity. Dry the pan. Allow
10 convert | unit weight ekg*m—g—p_v_Lp_

the mat to drain for an additional two hours by laying the mat flat on a suspended U.S. #30 (0.6 mm) wire cloth or sieve. Return the mat to the pan. Weigh the pan and its

and record. ThlS is the unit welght of the sample. Subtract the dry unit Welght of the sample, and record. Th1s 18 the un1t welght
of the retained water, Wr, in the mat. Subtract the unit weight of the retained water from the unit weight of the water when the
mat was ﬁlled to capac1ty This is the unit werght of the transient water assocrated with the absorptrve dra1n mat, Wt.

7. 4 Weis ; : Weig

ht of Growth

E ¢ 3 R 1 ‘] ‘ ] ‘ H ‘ﬂ ), and the maximum medra water retention (MMWR), measured in volume Eercent Multlplx the maximum medm densrtx

times the thickness of the media layer in feet (metres) to convert to unit weight in lb/ft (kg/m ?%’dﬁmmﬁﬂed‘ﬁmﬁw
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record Thls is the unit werght of the growth media. Multlply the dry medra dens1ty times the thrckness of the medla layer in feet

to convert to unit weight in 1b/ft>, and record. This is the dry unit weight of the erowth media. To determine the unit weight of
the retained water, Wr, multiply the MMWR by the thickness of the media layer in feet and by 0.624 (10) and record this unit
weight in 1b/ft>.

7.5 Weioht-oferan
of Granular Drainage Media:

7.5.1 Drain Layers Consisting Entirely of Granular Dmmage Medla—Use Test Method E2399 to determme the MMD and dry
medra densrty Ddry both measured m lb/ft (kg/m At dia—w MY

the MMWR of the granular material, measured in volume percent Multiply the MMD times the thickness of the granular dramage media in feet (metres). Record the unit

weight of the gmnular drainage media in Ib/ft (kg/m

" ¢ y
Multlply the dry media density times the thickness of the media layer in feet to convert to unit Werghl in lb/ft 5 and I'CCOI'd This is the dI‘V unit welght of the

eranular drainage media. To determine the unit weight of the retained water, Wr, multiply the MMWR by the thickness of the layer
in feet and by 0.624 (10). Record this unit weight in 1b/ft*.

7.5.2 Drain Layers Incorporating Geocomposite Drain Layers—In many vegetative (green) roof systems, granular drainage
media is in-filled on the upper surface of a geocomposite drain layer. In these instances, the effective thickness of the granular
drainage media, ET, is the unit medla retentlon volume, Rm measured in ft¥/ft> (cmg/cm ), as determmed usmg Test Method

f ]” ]l’ ‘ﬁ Elus any suEElemental thlckness of granular dramage medra above the geocomposne drain laxer measured in feet (metres) Use Test Method E2399 to

determine the MMD and dry media density, D, both measured in Ib/ft® (kg/m>), and the MMWR of the granular material, measured in
volume percent. Multiply the MMD times the effective thickness of the granular drainage media in feet and by 0.624 (10). Record
the unit weight of the granular drainage media in Ib/ft> (kg/mz).—). Multiply the dry media density times the effective thickness
of the granular drainage layer in feet to convert to unit weight in 1b/ft>, and record. This is the dry unit weight of the granular
drainage media. To determine the weight of the retained water, Wr, multiply the MMWR by the effective thickness of the granular
drainage media layer in feet and by 0.624 (98 l) Record this unit welght in lb/ft
We1ght of Captured Water

7.6.1 Drain Layers Consisting Entirely of Granular Drainage Media—One strategy for capturing water in vegetative (green)
roof systems is to impound water in the drain layer by restricting drainage. In these cases water will accumulate in the granular
drainage media layer at the base of the vegetative (green) roof system. Use Test Method E2399 to determine the air-filled porosity
(AFP) of the granular drainage media, reported in percent. Multiply AFP times the average depth of impounded water layer in feet
(metres) and by 0.624 (10). Record the unit weight of captured water, We, in 1b/ft> (kg/m?).

7.6.2 Geocomposite Drain Layers, Without Granular Drainage Media—For vegetative (green) roof systems that incorporate
geocomposite drain layers with water capture, use Test Method E2398 to determine the weight of captured water based on the unit
water retentton-volume:capture volume (Rw). Multiply the unit water capture volume stated in ft¥/ft> (cm®/cm®;by-62-4-(98-1-

Reee ﬂ f‘ll St f we ;llf ; ll’ (ft) by 62.4 (10). Record the unit weight of captured water, Wc, in | (k /m 3 For Ef‘iff AS E‘llif lff 56 Eff a

7.6.3 Drain Layers That Incorporate In- F zllmg of Granular Media on the Upper Surface ofa Geocompostte Drain Layer—Use
Test Method E2399 to determine the AFP of the granular drainage media, reported in percent. To determine the werght of captured
water, mult1ply AFP trmes Rw and by 62 4 (10) Record the unit welght of captured water, Wc in lb/ft (kg/m )

7.7 Unit Weight of Transient Water:

7.7.1 Drain Layers Consisting Entirely of Granular Drainage Media—Use Test Method E2399 to determine the AFP of the
granular drainage media, reported in percent. Multiply AFP times the thickness of the drain layer in feet (metres) and by 0.624 (10).
Subtract the unit weight of captured water, determined in 7.6.1. Record the unit weight of transient water, Wt, in lb/ft (kg/mz).

7.7.2 Dram Layers Incorporating Geocomposite Drain Layers—For vegetative (green) roof systems us1ng absorptive drain
mats, the method for determlnmg the we1ght of transient water 1s descrlbed in 7.3-

. For other geocomposite drain layers, measure the thickness

of the geocomposite drain layer i m feet (centimetres). Add any supplemental thlckness associated with the granular drainage media above the geocomposrte drain layer. Record

as _the unit volume, UV, in ft /ft (cm3/cm
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