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Figure 6-1 Trnech cross-section terminology
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Table 6-1 Soil stiffness categories

Soil Group Soil Stiffness Category ™"

Crushed rock and gravel with <15% sand < 5% fines SC1

GW, GP, SW, SF, dual symbol soils ing one of these designati SC2
such as GW-GC containing 12% fines or less

GM, GC, SM, SC with more than 12% fines; and ML, CL, or borderline sC3
soils beginning with one of these designations, such as ML/CL, with
30% or more retained on the No. 200 sieve

ML, CL, or borderline soil beginning with one of these designations, SC4
such as ML/MH, with less than 30% retained on the No. 200 sieve

CH, MH, OL, OH, PT, CH/MH, and any frozen materials SC5

5ol stilfness categories group soil types together as a funchion of the relative soil stillness developed when compacted to a
given level. At any given level of compaction, SC1 soils provide the highest stiffness and SC5 soils provide the lowest
stiffness.

"The soil stiffness categories ace similar but not identical to the soil classes in ASTM D2321.

Reprinted with permission from the Annual Book of ASTM Standards, Copyright ASTM, 100 Barr Harbor Dr., West
Conshohocken, PA 19428-2959.
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Table 6-2 Recommendations for installation and use of soils and aggregates for foundation
and pipe zone embedment®

sC1 sC2 sca sC4

General Acceptable and Where hydraulic Do not use where  Difficult to achieve
Recommendations ~common where no  gradient exists. water conditions in  required soil
and Restrictions  migration is check gradation to  trench prevent, stiffness (see

probable or when  minimize proper placement  Sec. 6.5.1). Do not

combined with a
geotextile filter
media. Suitable for  for use as drainage
use asadrainage  blanket and
blanket and underdeain (see
underdrain where  Table 5-3).
adjacent materials

are suitably graded

or when used with a

geotextile filter

fabric (see

Sec. 6.5.2).

migration. Clean  and compaction. use where water
groups are suitable conditions in
trench prevent
proper placement
and compaction.

Foundation Suitable for Suitable for Suitable for Not suitable.
replacing over- replacing over- replacing over-
excavated and excavated and excavated trench
unstable trench unstable trench bottom as
bottom as restricted  bottom as restricted above.

above. restricted above.  Install and
Install and compact in 6 in.
compact in 12in. (150 mm)
(300 ram) maximun layers.

maximum layers.

Suitable as restricted above. Difficult to
place and compact in the haunch zone.

Pipe Zone Suitable as restricted above. Work
Embedment material under pipe to provide uniform
haunch support.

Embedment Com-  Required density Minimum density Minimum density Minimum density

b

paction! typically achieved  85% standard 90% standard 95% standard
by dumped Proctor. Use hand  Proctor. Use hand  Proctor. Use hand
placement. tampers, vibratory,  Lampers or impact  tampers or impact

Place and work to o impact compactors. tampers. Maintain
ensure all excavated compactors. Maintain moisture  moisture content
voids and haunch content near near optimum to
arcas are filled. Use optimum to ‘minimize
vibratory or impact minimize compactive effort.
compactors. compactive effort.

orials are unsuitable as embedment, bul they may be us
an achieving an " of LO0D pei (8595 kPa). (See Sec. 6.6.3

. 1 from the Anmual Book of ASTM Standards, Copyright ASTM mo borr Harbor 01,

West Conshoho k n, PA 19428-2959.
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a. Proper bedding support

0 %%H% U

b. Improper bedding support

Source: Owens Corning Engineered Pipe Systems, Brussels, Belgium.

Figure 6-2 Examples of bedding support

w9 v
Seket BA7E 2 A9 solx ofdize] Ha
6912)(150mm) FA] HY

7 wasittn Bawy solrg wusy| Yia
e 2ASE ot golm ofg%
o4 Tt REele B4 447 W

Nz ARE WAskD ARk 2do] WS dof

g Aeole 2A2E WES AL d 9 A
]

4

B, EdX e Ry golnch o
of BAG Aot BEF 4L 7z 9 WY
ARE g3 v WeT & 620 Lo Qi
Ha Weur A7) o W U

AE. 2 W oz WA A A EdX
Zujo] Ze| Wthy, TelY AF @ e 2
ASe ENAO|H BE A7 gtk

o
skl = AE Ee
o
o

UEA| FEF o]z

my

2. Ax=gAe] daAfRe] wEh 2UE FE,

WA, 28 29E dZ2E ik

AFrEY Ha (A2R) RAE, A FA
2 BAE 9] ol Etho] HAIE AL o]n]
FAZE Hol QleA] Seldth AxAA7E Ak
Aol wet molzE E4 W d o 4%

o

JEoll Al 23] 3 (spigot)= H(bell)o] ol Het
FAA] dho]Z ZhS HEE T WEdE 2

re
i
Y




o=z RAYs S22 47 Hrg 25 (V)

2 AsA BeE ZAT 4 9k TR 99 A
$& AR Aol AU ool ¢ 4
9 R P A AZS AEshY W ol
EE pelsty AW o o] AEe ARt
AR ol AZYATE ATIAY BHI A
o Abg ;

A4 92 2 g =UE. AZ2S A HA
A Hde AR 4F wolZ AzdAe] A%
AFE mEth "oz ddFole dAARMES
ol, WA % o]ef s wolx Ad HEE el

Coupling Cast
in Concrete

Special

Short Pipe Section
Maximum—Smaller of 2 m or 2 x D
Minimum—Smaller of 1 m or 1 xD
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a. Connection to rigid structures

Short Section Length
Flexible Joint Maximum—Smaller of 2mor2 3 D

Located at Minimum—Smaller of {mor 13 D
Orop-oft point
Coupling Flexible
Joint (Typ.)

Make-Up
Section

‘Standard
Pipe Section

b. Change in oundation soil stiffness

Source: Owens Corning Engineered Pipe Systems, Brussels, Belgium.

Figure 6-3 Accommodating differential settlement
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a. Spacing between pipes in the
same trench

Bed

b. Cross over

Source: Owens Corning Engineered Pipe Systems, Brussels, Belgium.

Figure 6-4 Adjacent piping systems
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compact
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Poor pipe suoport

b. Improper haunch

a. Ensuring firm pipe support

Source: Owens Corning Engineered Pipe Systems, Brussels, Belgium.

Figure 6-5 Proper compaction under haunches

MES A9 2ged gt 2ee FUEAE
7 swulgkel SC1 @ $C2), o] Wask A E
HT A5, AF B E: YR A58 A$

6‘}1:}. Ty 7\57] ul X]E 13 A]&.‘S “Or

olulE g ZE(ff) TA= 12911(300mm)S Za}bs}
W ookth YR A5 AgE Aol Ui A
$7] |2 s oheth UE AYAHAH

' 24 U5 4% SW 9 SP BEFY ke
ASTM D698(F = Proctor)o]] oJ8f] A& =)
NAEE o A= ZFds= EYY LA
E7} 5~12%9 SC2) o|z|3t B
AERASHA] e BEYAE HY = QAL nAEE A
=

=3
o
!ﬁ

5
s}

1=}
H1
i
o
o
rE
flo
L
o
Hir
flo
iz}
HT
Gl
-
r
et
4
x0

NN ES A 2t 299 ¢u(SC3, SC4
9 SC5 [CH ‘3—! MH]). 52 "3y sheepsfoot =
S AMEEA AEE sty dE A4S ASTM

=

D698(3EE Proctor) whefok Jir. 2o Wie 3

46




~
>
n
ne
re
~
>
Ho
H>
o
Pl
fol
rx

Y3t 4= 9= HhHo| ASTM D5080
71 Eo] Qlth. 3#F Proctor 90% 0]*1'_4 ord]

Aol 43 GoAl Qoldth B Fapo| A
SRAY W] & A HE wHOE Foj
WES TAT 4 gtk SR dsle MEE
KeX S

=

o

E¢ Uz Z2F ¥ EY F g Bk 1
T ASTM DI556, D2167, D2922, D4564, D4914
% D50300] =siA AREHT 87T HAE

He EYY F5F, BEYY o2 ¥ 1Yy B
& FHd YA+ A7)0l Wt tEn B 4
kS ASTM D2216, D3017, D4643, D4944 2
D49590] FafA AARHT I WE-E Aol
(ASTM D2922 % D3017)& AMEE #H$ Aolx=
AolA AxGA7F 2 AgsiA] g o A%
o] mpo]x 9l EYIX] FA|oA 7w ofof Firk

i dx, o ol dee g ZRAE %
A9 H7HE Hge® AR Yozt AR ok gt
F 62004 HREHL gle YEHG gAY 92
20 uet ol FHa dEs
1 E’1,000 psi(6.9 Mpa)ol u}
\ow, tjFol x| 4ol thsf vt

7.

30\

TRA Heid= Al 5 F HD)

=< AHE A7) =5 o8-8 Tol=x i A
de tAE (A (etting) X A5 ZIHS AojH
351014 AAY o 7F AR Zp-ofl Tk =3RiTk

A& AW, Fo|x Aoyt vpo]x wjd A
e dFe] f=EF 7] A vhol= Ed
AR 2AFoltt S487F L3H 7] Ao dfo|=
getel Hagte] wig Zlo]lE Aosfjof gt A
o Fa glole wolz A7 Y9 A, EY TR
9 7, dEa ol Bt F{ 9l A7|ef T
dqd ZRAE 2SS BV ARE HEoR

47

AxYoi7t AAzeE AU B7E B
B 029 e AW aFARRS ARSI

6-20] Fo7l 4 Wreg wjd A=t A
AASHTO H-209} g-A}st gfo]E Halr} Zx)
ok A5 A D SHI7E Ayt 7] Aol SCl
uj Aol thaji= Holx 24912](0.6m)<] #HH|(T}o]
AdaezREo Wiy Zlo)E ARgafol s,
SC2, SC3 9 SC4 wjAel AL Hojx 3691%
(0.9m)9] AWME Argsfof gtk 12|al, Qx| o]
7F Q184 Y= 3 4dS 93| hydrohammerE
g7 Sl Aol 48Q1X|(1.2m)8] AHH7}
Zasiey. §oph ed AHS 2, ES 5
Zn] 9 -é_ H3l7F AASHTO H-20& =1st= A}
4 MOH woste] 24 AWE &

3T A [e] E A
I sy e 5 A2
z

N

ke

i)
K

-

i

r

11;1

shol 7k BT S1Fol G A9l A

& A FAZE mtolZ HAn AR sfof
gt Wl wpojzmo] Ry} wpolAo] B T
& sk Aol rhesitd, dds 9l
A o Ha FAE Y+

6.6.4 92 3 ¥& 122

WE, AAMERA) F2E2Y 92 2 /12 EY
9 W3, WE Qo] AgE= AL ozl
T 47 =5 Ee 712 B9 Aol Mt
= %5 Ae At AdEE Aeole CY
dotoll died = A= FA% ALHS HEsfof
gt} F=e] T Thest o A 2IES
A7) F WA 2QEE FERE0] dHoRE
g mo]z HHo| sjFst= A Ex= FHjl 3
Fok= A Fe F2E ANIHIE 63
z). A= A Aol dsd 4+ A= Fa%
FEE ARES| molZE B4 FEREo] RAE:




o=z RAYs S22 47 Hrg 25 (V)

AE B ol ol9dolE AE Fstol theT
% 9l oe7h WSl 9l

$4 B, AU 9AY, 324y a9 =
F WEAA £ AEEHE 3 =w 47 2
59 2AUS YA 9 AAhE AgUh
Am B3 % AR AT Avame A
AL AstD Fa eloRe dd A A
A3 AAYE g

Al x 2 4EE A TolZ wE, Aul
Q) AZE 93 AT Aol Tl L] ZeolA]
2 AAS] oldel solzme] Ageliny 23
2 AaRi 712 SRle 2R F oAl wE g
Pe SAT Aol AH Az U TUES AS
8 B2al7] o|4le] Afe|z dfE Brsjof G

solz A4 9 B, $AY Ielm o2 AR
gAE B Aua ?;as}owo 822 A

HOHH RN TR

AAE Aoletok gt
o]z A2d, U3t EdI Yo HYsA
gto] L= 'Y AH|7} F mho|LAle]o] EGF
Pdst=dl £47F §1& A= Agg Fi A
13010]: gk T gpolzAjole] & FE Al
23 wo|xzo] ubd HFOoZA 4917(100mm)R
t} Zpolri obEtK 1Y 6-49(a) FX). 714 ofd
RS ARG A ol gulo) TP ol §2 K
EHT} 6212(150mm) o HA mo]Z7t AE
Bl Zo] ity mto|zel ElX] WALl
EokS oMusl= WRAlyl EdlA| ulo]Z7t EoFS
orulsli=g|, 7+ o] o] 2] o] Bk HEH

4& 71004.

=
<4
1?1_

il

N ﬂJlO i

n

b

¥ & =g

2011. 12.

6-4(b) F=). oFl%H 3}0127} HAet= EA

MN o
w2
=
ha
Ir
w2
a
(&)

fle =2

I o
il
=
1<)
(i
o
By
B

- O
()
X

O
-

sk,

6.6.5 2F2E BE
LY AE S5 #Ed dA 8RR Al T

Aol 4 ThT.

6.7 8% BuEz

Edz] Zlo], AAL & A, 71%, jA 9 iz

2 2
AR, 2=, AR WEo] Hak X LPAR £
G ool% W oRAe Aok EAd] EaA U
Holof Wk 9% HAE AR B HuAolx
ohe] gpet,
W A AF P AzA Dack] 254
4% B3 Ave] AH solze] W %S B

Ugsior gtk #F 23 TEage xay

ool A¥EL 54 meAE HA A
F& Brh Ao R Aolsty] 5t FHOoR A
ofF BAo Z3tE 4= otk Al FAow ZAH

g7t Qo
<652 A o2 FHg AR =27
- g W s HE AR A AS
- ATS Y3t wid AR B FARE

48




g R LEIA | =B - XEM
EA A A
CEBAA L AA TR A
-Hz EWA & AT
CERA ¥ A WA AT D AN
Y 2 7R RN
CE Py B A
- Aok} o Az UH*é gt
WY e AR (5 B2 R UE)
2 AW T

49

- gfo|zel F&EAlY dyEE Ay &7

doll digstr] gt 7 =g, wjey, 18
28 2ol ARk A ARy &
& n‘ “41 HD’P THARR




