Highvay Materials Research Laboratory
132 Grahem Avenue, Lexington 29, Ky.
March 21, 1947

File: D=2-=1

Memo. to Dean D. V. Terrell
Director of Ressarch

Supplementing my memorandum of July 29, 1946, and
the report on "Porous Brckfill" by Mr. R. F, Baker trans-
mitted with 1t (cooies of both are sttached) there was
some informetion summarized at the recent A. R B.A. meeting
in Chicago which emphasizes recommendatinns thet were madc
in thst revort, W2 have obteined a cony of the A,R.B.A.
summary and have analyzed 1t critically from the standvoin<
of grodation of beckfill us~d by the different states, The
results are worth bringing before a meeting of the Research
Board for their conslderation and possible recommendqtions
for changes in specifications.

In the total of all highway nractiees the matter
of vorous backfill 1g relatively 1lnsignifiesnt, yet, as
Mr. Bzker pointed out under Point U of his recommendstior. .
graded filter material could be of consequence in the fol-
lowing Articles of our 1945 Speeifications:

2.4.3(1) Backfi1lling (Bridges): p. 66

2shae Embankment Construction; o. 73

5¢1.3-B-U(d) Concrete Arches:; p. 261

5.5.3-C-4 Culverts and Retaining Walls; ». 305

5.9.3-A-1 Stone Masonry Abutments, Wings and Walle;
p. 347

Bx10:3 Stone Masonry in Rosdside Improvement
(Weep Holes); v. 354

6.3.3(b) Riprap (underdrains): o. 379 .

6 3 Concrete Slove Wall (underdrains):; p. 381

6.8.3 Bin Type Retaining Wall (backfill); o. 392

With regard to the comparative ctatus of our present speci-
fications (No. 6 Aggregate, as listed in the A.R.B.A. sum—
mary), those in a minimum of 26 states call for a finer or
longer—-graded material. Onlv five states definitely re-
quire backfill that 1s as coarse or coarser than ours; two
states make no use of it or have no specification; and ths
information from 14 states was not specific enough for us
to determine 'wow thelr materials compared vith ours,
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Recommendations in the atltached report designate gur
gtandard concrete sand (Article 7+.3.2-D) as being the most
practicable material that would serve the nurpose reasonably
well. 1In the northern ovart of the state such a material
probably would be readily avallable and more economical than
the crushed stone , if required. Undoubtedly the Jackson
Purchase has an abundance of sand or gravel of equal or
better gradation, and some sands in parts of eastern Kentucx~
may m=et the requirement.

For that large portion of the state where sand and
gravel do not occur locally, a 50-50 mixture of No. 9 and
No. 10 stone would provide a satisfaetory gradation and the
cost for this would be 1little different from that of the
No. stone as specified at present, the difference being
only in quantities. OFf course the finer sized stone may

be more scarce because of the usual demands for finer rather
than coarse materigls,

The imvortant property »f any material used is its
gradation and not Soundness or toughness as we usually apply
them to aggregates. Thus, gravel or stone that are .sub-
standard for other purposes may serve this ournogse very
well, nrovided they do not aporoach the softness of shale ‘
which would disintegrate when exposed as backfill, ‘

It 1s my recommendatim that the Research Board ccn-
sider this repért, and that it be submitted to Mr. Oberwarth,
and any others who may be concerned should a revision in
Speciflcations be contemplated, The A.R.B.A. summary will,
Of course, be published in the near future but in the inter®nq |
I am having a coby of the preliminary tabulation of data fro- |
the several states circulated stkroughout the Central Cffice
for the information of those ¥no may be interegted.

S g l ‘

e w ML i ;"”""},4‘/_,,_' |
L. E, Gregg “ *

LG:k Assoclate Research Engineer '

o

cc: Researcr Board Members:
Commiesionar Watkins

Chalirmen Cutler

# Vice Crsirien Bray T. R. Lannon
J. A. Fitterman H. D. Mescalf
H. R, Cregl C. 3. owens

# G, H. Leilaey R. &, Shaver
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Highway Materials Research Laboratofy
132 Graham Avenue, Lexington 29, Kv.

July 29, 1946 File: D-2-1

Memorandum to Professor Torrell
Dircetor, Highway Rosvarch Laboratory

Early this yoar thc Rosocerch Board, considercd matorials and
spocifications for bituminous coatod motal pipe, and a limited invos-
tigation by the Laboratory was proposed whon cquipment for that pur-
poso bocame availablo., During his initial work on that mattor, Mr,
R. P, Bakor bocame interostod in tho rclatod subjoct of porous back-
fill bocause of its conncetion with soil,

As a rosult of n roview of various articlos and publications
supplomented by inquirios concorning oractices in othor statos, Mr.
Bakor arrivod at some conclusions and rocommondations which aro sound.
Fundamentally, ho states this ag a requiremont, that backfill be coarse
onough %0 pormit sufficiont flow of wator into tho drain yot fine
cnough to provent flow of fine soil particlos into the voids of the
backfill or the drain,

Whon viewed logically, the old practice of using vory coarsge
matorial is obviously unsound. Soils that nced drainage are invariably
fine grained, honco their pormoability is not great at boste That bo-
ing the casc, the amount of wator that can possibly reach the porous
backfill is only a fraction of that which the backfill is capable of
transmitting to tho drain, Thus, the coarso matorial is not only too
largo from tho standpoint of roquirements for flow, but it is eo large

that fine soil washes into the voids and dofeats tho purpose of the
drain-

Only a fow copioces of this report have beon propared with the

intont of calling the matter to attention, mainly from tho standpoint

of specifications. Additional copios can be issued if this if found to
be desirablo,

Respoctfully submitted,

Ls B, Grogg
Associate Rosearch Enginecr

LGk

164




Highway Materials Research Leboratory
132 Graham Avenue, Lexington 29, Ky,

July 10, 1946

Memorandum to Mr. L. B. Gregg

Attached hereto is a report covering: (a) the type of materisl
to be used as porous backfill in drainage construction: (b) the effect on
any earth construction of nlacing a large grained soll adjecent to & fine
grained soil.

It consists of a swwary of theorstical studiles and general vrac-—
tices of nzighboring stetes. In brief, I have concluded: (a) the grada-
tion of the backfill for sub-drainage is dependent upon the gradsotion of the
surrounding soil, and will normally coll for o material similar in gradation
to the finest concrete sands; (b) sérious fallures mey develop in comnleted
earthworic if there is indiscriminate use of laorge groined soils sdjacent to
small grained soils. :

The present Kentueky specifications do not swecifically outline
the correct procedure to eliminnte the two cited problems and I hove in—
cluded recommendations for thsir revision,

I have not lost sight of the economic considerntion as it affsots
these problems. In mény instonces, the recommended chonges will mean o sav—
ings in initinal cost; due to material lomally available; ~nd less costly than
the cleaner, larger sized nggregate. The avoilability of river sond, pit—run
gravel, ond soft sandstones which can be crushed to desired size, will reduce

considernbly the number of arens where spacinl concrete sands will be required

Even if the recommenfed moterlal constituted o higher initial cost,
the fact still remains thot o droin incorvorated in the design should be con-—
structed with the finer moterial., TFor if too worous &z material is used, the
entire initial cost will have heen wnsted. Silting and subsequent clogging
of the drain can be anticipated within two to three years.

Likewise, the cost of the most suitably graded materials for earth-
worle must be balanced against the cost of possible damage due to the use of
improperly graded material.

Further study in this problem of baekfill selection could be corre-
loted with our soil study. The gradation and avallability of the best hack—
fill material for sach parent material could be determined.

Yery bruly yours;

R, ¥. Baker
Materials Zngineer
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POROUS BACKFILL

INTRODUCT ION

Until the late 1930's, the accepted practice for the con-

struction of drainage installation includod theo usd of a largo, approxi-

matoly Noe 2 size, aggrogato as porous backfill, Howover, a largo num~

ber of drains coascd to function as rosult of clogging or "silting“*,
and many highway departmonts practically oliminatcd sub-gurfaco and
intorcepting drainagoe,

Tho following roport summarizos somo of the more important
studios that have doglt with "filtor" (backfill material) to bo usod
in drainago construction, The scopo of it is limitod, dealing pri-
marily with tho quostion of propor gradation,

At prosont Kentucky Spocifications (1) require that tho gra~
dation of tho aggrogato for backfill owor pipo underdrains bo as
"spocifiod for Clags 'Af concrete”, (pago ﬂég), that ig No, 6 sizo
coarsc aggrogato (No. § to 1-1/2"), For stonc underdrainsg, it is ro-
quired (page U08) that o No. 2 coarso aggrogate bo used (1-1/2" to 3v)

BACEKGROUND

Ono of tho fundamontal studies of filtors was complotod in
Austria by Torzaghi noarly 25 yoars ago (2)**, Hig rosults woro
appliod to filter rogquircmonts for oarth dam construction, and subsc-
quently to water troatment probloms, Basically, the problom faced
by Torzaghi is tho samo as is oncountoroed in highway construction:
that is; (a) the filter matorial must bo many times more pervious than
the base (adjacent) matorial, and (b) the filtor must bo fino onough
to provent base particlos fron washing into tho filtor, Torzaghl con-
cluded thate

e Tho 15 porcont sizo*** of the filtor matorial should
bo at loast four timos that of the 15 porcent sizo of
the baso (in order to insurc flow),

be Tho 15 percont sizo of tho filter matorial should be
less than four timos that of the 85 porcont sizo of
tho base (in order to provont "eiltingh),

* "Silting!" is tho procoss whoreby water-borno soil par-
ticles from adjacent soils aro doposited in tho pipe
oD voids in the drain,

*¥  Numbors in paronthosos rofor to bibliography at ond of
roporte '

#¥%  Tho 15 porcont sizo is takon from the gradation ecurvo
of a soil or az2rogato, and is tho sigze (normally in
millimoters) at that point on tho curve whoro 15 por
cont by weight of tho grains is finor,
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Mre Geo E. Bortram (3) confirmed this work of Terzazhi's,
but ho pleeod difforent valuos on tho "critical ratioe", According
to Bortramg tho 15 porecont filtor = 15 percont baso sigzo ratio,
should bo groater than 63 while for the 15 porcont filter - 85 per=-
cont baso sizes, the ratio should be less than Ge.

In 1941, the Vicksburg Exporiment Station (2) reportod on
filter roquiromonts. The rosults of their studlos were similar to
thoso proviously mentioneds Tho Vicksburg Roport states "a fino
naterial will not wash through a filter material if tho 15 porcont
glzo of tho filtor matorial is loss than fivo timos as largo as tho
85 pereont size of the ?ine base material®; and "the grain size
curves for filter and base matorials ghould be aspproximatoly parallel
in order to minimize washing of tho fine baso matorial into tho
filtor matorial,"

Mre H, E, Cotton in 1945 (U4) propared a roport of highway
sub—drainage practico in which he roviewod various mistakos commonly
made, and gave his rocommondation for tho proper procedurcs., Accord-
ing to Mre Cotton, "Exporionce has proved that coarse backfill is
definitoly not a proper matorial to bec used in subdrain tronchos,
Numeroug uncovorod drains havo rovoaled a complotoly cloggod condi-
tion." In ordor to circumvont this problom, Mr. Cotton suggzostods
"Thilo it 1s thooreotically advisablo to tost tho soils and spoelfy
filters for the particular soils encountared along tho proposod drain,
it is to a cortaln oxtont impractical and will not usually be dono,
Thorefore, 1f possiblo it is morc practical to select a filter gra-
dation which will perform satisfactorily for all soils, or ncarly all
soilse" For this typo gradation, Mr, Cotton recommondodt "Pho
coarso sizo limits of tho 15 porcont size is identical with that of
concroto sand as spocifiod by tho American Association of State High-
wey Officialsh,

The rocommendations advanced in the four studios aro showm
graphicelly, for a typical baso, in Fige. 14

AFPPLICATIONS

Spociflcations and correspondence pertinent to tho use of
porous backfill matorisl woro studied for tho following stateos:
I1linois (5), Ponnsylvenia (6), Ohio, Wost Virzinia (7), Virginia
(8)y and Indiana (9)s In Fige 2{ & comparison is made botweon thoir
specification and thec rocommonded gradations, The statos of Virginia
and Ohio havo rocontly changod tholy spocification as por lotters
shown in Annox 1, Indiana was not inecluded, since various sized
aggregatos aro used (Anncx 1), but no indication was given as to the
method usod in sclecting the aggregato,

The solutions shown in Flg. 2 reprosont the noarost that
tho 8tato Highway Dopartmonts can approach tho gradation rocommended
by the various invostigations, Howover, with tho cxception of Vir-
ginla, Ohio, and Indiana, thoro is no cortainty thet there have not
beon recent changes in spocifications and practicos,
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The Mypical base" of Flge 2, was selected at randem as
a gradation likely to require sub-surface drainage. It is a small

grainod soll, but not tho smallost that could rcasonably bo ox-
poctod in drainago constructions

DISCUSSION

Both theory end practico tend to verify tho fact that a
coarso matorial should not arbitrarily bo used as porous backfill
in drainago installationse Fige 3 indicates tho various falluros
that can and do dovelop if tho filter motorisal is too largo. Howe
overy tho fact romaing that in meny cases it does not spposr oconomi-
oally foasiblo to uso a fino grained material, Naturally, in such
casoss Tocongtruction, meintonance, and initial costs of the projock
will have to bo considorode In tho ovont that a drain is absolutoly
nevogsary, it is most desiratle that the filtor matorinl soloctod
moot the roquiromonts of (a) sufficiont flow, and (b) sufficiont im-
porviousness to soil flow,

OTHER APPLICATIONS

Tho principlo that fino greined solls will be carriod by
water to the volds of 1nrgor grained soil, has meny important eppli-
cations in highway ongincoring, In Fig. U4, various illustrations of
this fact aro shown,

In tho casc of ombankmont construction, the scttlomont
that would rosult from tho movoment of soil downward is apparont.
Whothor this instability would be sorious would dopend upon tho
height of the fill, depth of theo porous layer, and tho quantity of
water percolating from the fine grained soil,

In side hill construction, it is common practice to place
a porous layer ovor the strippod hillside, in order to intorcept
watery It is important that this weter be kept out of tho f£ill, both
for protoction against slidos and for stability of tho highwaye.
Thoreforo, the porous layer must bo fine enough to prevont silting
and tho subsoquont trapping of water, IFor this type construction,
however, an intorcopting drain, similar to tho one illustrated in
Figure UB, would also bo nocossarye

Woep holes in bridgo abutmonts are normally "protected! by
a porous layor betwoon the end of tho abutment and the backfill,
Thoso woop holos arc designod to drain water from the fill, but thoy
aro also tho ontrance into the fill whon tho outside water leovol
riscass is the water rocodos if tonds to carry soil with ite In both
actions, tho possibility for silting oxlsts if tho porous layor is
not fino onoughs Subsequont failuros could includo sliding, sottlo-
ment, or both,
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CONCT "SIONS

14 Cosarse grained agsregates should not arbitrarily be
used as porous backfill, -

; 2¢ The gradation for porous backfill should be dotor-
minod by the gradation of surrounding (or base) matokial,

3¢ To provent silting, the 15 porcont size of the filter
should bo botwecon four and ninc timos the 85 porcont sizo of tho
base matorials

Y, To insuro flow, thc 15 percont size of “he filtor
should be four to six timos the 15 poroont size of tho basce

5s In goneral construction, whore flow of water may oxist

through adjacont soils, tho prineiple of paragraphs 3 and 4 above,
should bo considerod.

RE GOMMENDATIONS

It is rocommondod that tho 1945 Kontucky spocifications be
changed in the following wayss

l, That a section be added to "Division VII, Matorial Deo-
tails" for tho 1945 Kontucky Bpocifications to includo
backfill "~ matorial, Tho gradation of this backfill
material should be as follows:

"The gradation of all backfill material will beo
in accordanco with standard concrete sand (pare 7e3e2
D). Locally avallable material may bo usod if 10-~30%
pesros N6, 50 siove, 0-20% passos tho No. 100 sieve,
and 0-5% passos the No, 200 siove,

2¢ Tor underdrain, pago Y06, par. 6.14.3 and page 408,
pare 6.15.2. Gradotion for backfill will be in accor-
dence with par, 1 above,

3s For earthwork backfilling, page 65, par. 2e4s3=(f)e A
gramilar or rock material (as defineod in pars 2,5e2)
shall not bo placod adjacont to a water-bvearing finer
grained soil, whore sottloment or interrupted drainago
woulcd bo dotrimental, Tho material to be used in such
casog will conform with par. 1 above, or beo similar in
gradation to adjacent soil,

4, Tor porous backfilling, The gradation of tho matorial
will b2 in accordance with par. 1, above, This is
gpplicable In the following instances:

ae Oonstruction Methodss 'Weep Holes, page 66
be BSide Hill EBmbankmonts, page T2

173




1.

2e

Te

8.

9.

ce Ooncreto Arches: Woep Holes, pago 261
de GCulvorts: Woop Holos, Fronch Drains, and
_ Undordraing, pege 305
8, Stone Masonry: Wecp Holos, page 347
fo Stone Masonry: Weep Holes, page 354
ge Riprap: Underdralns, page 379
h, Concreto Slopo Walls: Underdrains, page 381
i, Bin Typo Rotaining Wall: WeqF Holes, pago 392
js Ourd Openings: Dralns, page Y13, pago 416, page Y17
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ANNEX I

Part 4

Bxcerpt of letter from Charles W. Allen, Acting Chief
Engineor, Tosts and Research, Ohio Department of Highways, dated
March 13, 1945,

mho 1979 Ohio Spocification for porous hackfill for under-
drains speclfiod matorial -f our No, 3 or No. 3a sizo. Thosc mabtorlals
as shown in thc tablo bolow arc qui%e coarse for back?ill for drains.
This fart{ was vocognizsd by our design onginuers ab lonst as far bdack
as 1941 and a3 o consequonce finer toxinred metoria’s woro gpoelfiod
by speecial noios on Tho planse On a number of projects tho samo
matorial pormittod for uss in tho granvlar snbtbase was glso spacifiod
for backfill oveor tho drains, This subbase matorial noariy slways
contalnod a large sand fraction and on soveral jobs some clogglng of
the drains resulted from the sand filtering into the drain ¢ilo at
the jointse On subsoquen’ projocts it has beon the praciico to sgpocl-
fy our No., 6 size aggroga’ic around tho pipe and for the firsi £ inchos
abovo ite Usually tho No, 6 sizo aggrogate is used for the full
dopth of the backfill ovoer the pipw, On a few projects, however, the
matorial used as a subbeso under tho pavement has also boen used as
backfill down to tho top of the Noe 6 aggrogato immodiatoly around
tho pipO.

Our new specification will requiro No, 6 or No, 6a size for
porous backfill over pipe uvnderdrains.

Spocification gradations for tho various sizod aggregates
montionod above aro given in tho following tablo:"

Standard Totel Por cont Passin uare ings
Sizo ar  1-.1/om 1n Z/Ln  1/on 3 /g AN #8

3 100 80 - 95 20 - 55 0 - 1§

3a, 100 30 - 65 C - 20

6 100 90 = 100 10-35 0~5

ba 100 90 ~ 100 40 -~ 70 0-15 0~5
- Part B

BExcorpy of lutter from Tilton %a Shelburne, Diroctor of Re-
soarch, Virginia Doportmont of Highways, 'dated February 11, 196,

"In regards %o your gquostion concerning backfill material, I
prosume that you hawe roforonce to porous backfill matorial for drains,
I have beon unable to fino anything in the 1938 Specifications cover.
ing this itome I understand, howovor, that in tho past this has been
takon caro of on standard shoots and that a No, 1 stono (3=1/2" - 2n)
has boon useds In chocking with Mr, T. F. Loughborough, our Construc-
tion Engineer, he informs mo that a much finor material is spoeified
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in our now Spacificationsy namoly, a No, 14 or 15 sand (sco pago

36 of tho 1938 Specifications)e Somo difficulty has boon cncounterod
in tho past in the use of underdralns, and we have beon roquosted %o
make a study of curront practicess As yot we have had 1ittle oppor-
tunity to work on this particular projoct."

Part C

Excorpt of lettor from the Stato Highway Commission of
Indiana, datod March 14, 1946, signod by F. F. Havey, Bngineor of
Tosts, per W T. Sponcer, Soils Enginoer.

NTho aggrogate for backfilling shall bo Class Ay B, OF Cy
Size Nos 7, oxcopt that the amount retalned on tho No, 4 gieve shall
bo 85=100 por cent instead of 70«00 per cent and that the loss by
decantation shall not exceed threo (3) per cent by weighte

Wo realizo that this gradation has large voids that could
pormit tho infiltration of fines if improperly used. Howovor, sineco
most of our normel subsurfacc drainage is usod to remove wator from
grantlar water-bearing strata wo feel that in most cases this material
fite our neods and doos a satisfactory jobe If conditions are such
that this matorial is not satisfactory for a localizad arca wo feel
that wo can altor tho gradation sufficiently to moet the spocial con-
ditions encountored, or if theso conditions aro known in advenco of
the contract letting a speclal backfill can bo set up to fit tho local
condltion,

Gonorally our gubsurfaco drainago installations aro moro or
loss local varying from four (4) to nine (9) hundred feot in longth.
Whore long or oxtongivo inghallations are involved more attention is
glvon to exact nosde and tho typc backfill best sulted for the par-
ticular soll condit’on is speeificd, In somo special cases, parti-
cularly tho edgo drain uscd %o conirol pavemont pumping, tho standard
backfill (sizo #7) was usod in the bottom eluven (11) inches of the
trench and tho romainder of the tronca backfilled with #1M4 sand. In
othor casos wo have spoclfiod a minimum pormeability coefficient with
a maximum of 5% passing the #200 sicves

Bascd on our past oxporicnco wo have found it advigable %o
goloct ono of owr standard aggrogato sizos as our standard backfill.
If a stendard eize is spocified tho contractor, producer, and onginogr
know <hat is dcsirod and in most cascs the producor has such maliorial
in stocke Eowevay, If there is sufficiont materiel involved tn Justi..
fy spocifying a narsionier gradation thon it is advisablo to do €24
We found it vory difii-ul%s to sdvisc tho contractor and the producor
what was moant and has was necdod whon permeability coofficlent wore
gpecifiod,

Although vho gpecification as quotnd is our standard bacg~
fill for sub-mriueo dvoing woe bolieve the backfill shovld be shnenged
whero conditinug vervente Gonorally thoss sisndard backl1l egpoclil-

cations are satisfactorye
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