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E 13K + Wk

PS=

B 2RO R E W =yHB,
2 H w@‘ ( y =18kN/m3)
fi IER ( m )
Bc:ﬁg 7k & (m)
- 5 o Wp(KN/m)
gt 42 Be(m) 1 |15 2 2.5 3 3.5 4 4.5 5 55 6
200 |0.216(3.888(5.832| 7.776 | 9.72 |11.664(13.608|15.552|17.496|19.44|21.384|23.328
300 |0.3181(5.724|8.586(11.448|14.31|17.172|20.034|22.896|25.758|28.62|31.482|34.344
45.36

400 0.42

7.56 |11.34| 15.12 | 18.9 | 22.68 | 26.46 | 30.24 | 34.02 | 37.8 | 41.58
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Be(m) W, (KN/m)

1 1.5 2.5 3.5 4.5 5.5

200

0.216 |{14.33| 10.12 | 7.56 | 5.95 |4.84|4.03|3.41|2.93|2.54|2.21

1.94

300

0.318 |{21.10| 14.90 | 11.13 | 8.75 |7.12|5.93|5.02 |4.31|3.73|3.26

2.86

40

0 | 0.42 |27.87|19.67 | 14.70 | 11.56 |9.41|7.83|6.64 |5.69 |4.93 |4.30

3.78
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3.50 | 4.00
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200.00
300.00
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15.95
23.48
31.01
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22.58
29.82
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16.50
24.29
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17.64 | 18.96
25.97 | 27.92
34.29 | 36.88

20.42
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39.71

21.98
32.35
42.73

23.60
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25.27
37.20
49.14
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5.3.1 B A AL B
EHYEBABREESBLERIBMEZEBE  LAIR
BEFARE - HARBERBMEET - AT EHE XFEF I
BmEREwEA 5-2 o> RRAMRRIPBRBEZXABEELEF
— 8 AW GBARBER S%NAEEXE > FHARNBERD S%EE
oo FHMIRZ AERATARARIIRBRERE O HFAEIRER
%48 > 100mm &) F 4wk 5-3 FfF > % CG-PEP & GFRPP % R
Mo 4 B — % # (CG-PEP = A}t 4£=210 kPa » GFRPP Ml H {i &
62~496kPa 2 M) F B ¥ @& B m K% > 2 CC_PVCP -~ PVC-PEP
# FRP-PVCP B A & M RMHREREFLELIBARZIED
12 Ak B A 0 {2 JL 48 # CG-PEP Z GFRPP 48 1t B 3% &
CC-PVCP = B M 4E # f& 1370~340kPa % M » PVC-PEP X Bl Mk {2 &
7 1721~934kPa % Ml » FRP-PVCP Bl Mk {8 4 & 6420~1049kPa %,
il
RSB R AR WAL 2 A é««%%i{s SEMERHE
A z}ii%%éa%ﬂzf%fél‘ﬁf\é]’ﬁﬁﬂﬁ ETRE > ARBRERAA R 5-4~
% 5-6 A4 % > &b GFRPP 4 410~725kPa 2 B » HDPEP &
710~913kPa = B} > PVCP % 1485~1885kPa = K » ABSP i&
535448H&@é:ﬁ;-ﬁé%z_Pvc44m§1$PVCP~chPVCP~aﬁﬁg
C-PVCP~ 2 B #t & PVCP £ 1064~1723kPa % M » vy b & R 3T 4n >
> GFRPP 2 /49 % C R D & B M » HEAAIpEAB R D KA -



% 52 CNSHABILERSLBEFRIIBREREZ R

M M HE R E
HDPEP B vg 4%
CG-PEP ZIES — HE (PR BT 5%)
PVCP e JA S&A~B-~S=4g
H-PVCP R — 7
CC-PVCP A 4120~340kPazz B ( Py 48 % 7 5%)
PVC-PEP| 3uoM R E | — 4 (JME 8 95 5%)

FRP-PVCP| 4t B3 E (5 &A% ~ B%F Z 38 (SN2 % 7 5%)

GFRPP Bl M S &ASB~CrDumf(R4E 85 5%)

ABSP |RAXEHBH (52039062 0.98 v 1.176MPavy £

DI~D1.5-D2~D25-D3-D3.5-D4~D45 ~

DIP 5 37
DPF /4%
STW290 3
csp | % | sTwW370 |—1
I3
STW400 |— 4

CNS 6445 (—#&

Sch 10~Sch 20~ Sch 30~ Sch 40~ Sch 60 -
Sch 80 #&
6.0~6.4~7.1~7.9~8.7~95-~10.3~ 11.1 ~

PESP CNS 4626

=

CNS 6447
11.9~ 12,7~ 13.1 ~ 15.1 ~ 15.9mm




£ 53 CNSHABALEREIMEZ R LA EMR
B - FRP-PVCP '
M CG-PEP ce-Fve PVC-PEP GFERPP
% & P A% B#
B | BE | RIEBR| BRE (SR | BE R
Al Bl ]
(mm}) kPa) | (kPa) ®E Al % Bl %% Bt
. :
( , (kN/m) | (kPa) |(kKN/m)| (kPa) |(kN/m) | (kPa) (kPa)
100 1,370 | 9.807 | 1721 11.3 1945 37.3 6420
125 830 | 10.297 1 1471 15.8 | 2219 38.2 | 5365
150 830 | 10.787 | 1308 17.6 | 2100 | 39.2 | 4678
200 690 | 11.768 | 1090 19.1 1748 39.2 | 3586
250 410 |15.690 | 1175 24.0 1780 | 40.2 | 2982
300 210 340 | 17.652 | 1110 28.9 1800 | 41.2 | 2565 | A : g9
350 18.633 | 1007 33.3 1783 490 | 2623 ~
400 19.613 | 934 33.3 1570 [ 490 2310 |0 ¢ 124
450 33.3 1403 49.0 | 2065 |C: 248
500 33.3 1268 | 49.0 1867
D : 496
600 33.3 1049
700~
4000
% 5-4 GFRPP Z HDPEP Rl M3 B {d
& X GFRPP HDPEP
o % BT AW | KR | £ | £W | ek | MR | Bk
4% % 48 (mm)| 400 400 300 200 300 250 200
#H A K (mm)| 300 [301.751303.75] 300 |336.75|297.5} 302
% & (mm) 7.85 [ 12.47 | 8.89 5.11 [20.63 | 14.86 | 13.53
% 4N 4B (mm) | 418.7 {428.35]324.15|220.45| 315 [250.35]201.3
% Py 42 (mm) 401 1403.411306.371211.75]1270.3 |221.68[173.65
B P AR 5%
:B Fk]; ° 20.05120.17 {1532 110,59 113,52 1 11.08 | 8.68
% M ¥ (mm)
B 18 5% :
B e ]
e ey an 295 1364.43(194.43| 235.1 | 424.1 [238.88| 241.1
g9 & ¥ (kg)
& Al M (kPa) 481 587 410 725 913 710 901




% 5-5

PVCP Z ABSP HI M= % &

A PVCP(B#) ABSP
2ok M | s | sEH | 55 & e R F
2R A2 (mm) | 300 400 300 200 200 300
HEE K (mm) | 303.25| 301 [301.75|302.25] 308.5 335
# JE (mm) 16.65 | 21.83 | 17.79 | 11.7 8 13.75
£ 4 4% (mm) 317.9 422 320.1 | 216.3 | 208.5 |315.15
F P42 (mm) | 285.7 |378.95(285.25| 193.5 | 184.4 | 286.85
TRAESY 1409 | 18.95 | 1426 | 968 | 922 | 14.34
% % & (mm)
ERBESY 65675 1096.95| 655.9 | 442.15 | 155.33 | 358.63
%% &+ (kg)
% Al (kPa) | 1,485 | 1,885 | 1,494 | 1,481 535 732
& 5-6  H 4 PVC % B M3k 1h
fE - - P - !
& A PVC-PEP | H-PVCP |CC-PVCP cpvep | pvep
i ] 55 0 B 75 gy i i &
A% F 42 (mm)|] 200 300 - 200 300 300
HEF E(mm)| 299 304.5 289.75 302.5 301.25
% 2 (mm) 14.32 16.95 12.68 18.68 16.77
% 442 (mm) | 215.88 317.4 215.83 | 315.05 317.7
TR (mm) | 188.25 | 283.85 | 191.05 | 278.55 | 281.95
B4R 5%
. 9.41 14.19 9.55 13.93 14.1
% % ¥ (mm)
% P42 5%
‘ ) 305.48 | 609.55 | 414.08 741 484.83
%% R F (kg
% B M (kPa) 1,064 1,383 1,467 1,723 1,119

5.3.2 R4
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ITHE W RHERE Wb HAAEEERERIL LR -
W= Wt Wy +Wpt Wy (N/m)
1. R A
Mg d R[] REERETERTH > TEM
R rBRHAL PREHEExSGwE 81 xS HERMREE LS
FEIBRAT R T EARELE LRAKX ~ Marston 25, ¥ Janssen
AK o —HAELIRFEARRELH > By T
(1) 3 B AKX
GEEEEHEVEE BRI EFTEEERAAE
B Xz BERALFH AKX T
W, = yHB,



B 8-1 &k miElim
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A LA BERERETINBE A X T
WS:Cd'YBﬁ

(3)Janssen A X,
1
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EEZAF > Wl AR FHZTHE L HEHEN/Mm)
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Ht % L EE(m);
By % W45 B 4 KA (m)
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2 +1—p 1+sind

Co: REAE > AW L RBA BFEEAG

1_6—2Kp'(H/Bd)
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EoX b op B M R AR
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(DA K31 B X (Boussinesq solution) [ 7]
HEEFENLZET N ERBMH A E -

o C.Pi
FP A EZEAK W, =8

¥ E 2 E AR W=CsUiBe
Kb Wp: FHETHAF AN EN/m)
P: BFHEN);
Ut 34 3 % (N/m?) ; |
L:FH&ER(mxAT);
B¢ @ & 4N (m) s
i AR AR R8-1FTF
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* 8-1 HFREEEHR X
ETEE L
FRUEERIL ) 03 0.3~0.6 0.6~0.9 238 0.9
(m)
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2.8 PIPE STIFFNESS

When a pipe is placed on the final grade and surrounded by bedding
and backfill material, gravity loads from soil bearing on the pipe barrel
deform the shape of the pipe to a variable degree. This deformation is
determined by the physical rigidity of the barrel. A measurement devised
to define this type of pipe barrel rigidity is known as the pipe stiffness.

Stiffness is a physical property of the pipe barrel that describes how
much force is needed to deform the cylinder of the pipe barrel by a unit
deformation. As a pipe property, stiffness expresses the relative degree
that the pipe barrel contributes to resisting deformation. As the pipe stiff-
ness decreases, the soil material bearing on the pipe sidewall must develop
increased strength or resistance to compensate for the sideways pipe
deformation.

Pipe stiffness for plastic pipe is measured using a the standard ring
deflection test, ASTM D 2412, “Standard Test Method for Determination
of External Loading Characteristics of Plastic Pipe by Parallel-Plate
Loading.” ASTM D 2412 is similar to the “three-edged bearing test” used
for concrete and clay pipe. The sample length of pipe is pressed between
two parallel plates, and the force required to deflect the pipe to a given
percentage of the diameter (generally 5%) is determined. The value for
the pipe stiffness is written as the force per distance deflected per unit
length of pipe. The units are pounds /length /length, or pounds per square
inch (psi). This unit is not the same as the common unit used for intensity
of stress. For gravity-flow plastic pipes, the pipe manufacturer should be
required to furnish a copy of the ASTM D 2412 pipe stiffness test results
to the engineer prior to delivery of pipe.

Pipe stiffness is important for evaluating the backfill materials and
relative compaction required for pipes made with a flexible barrel, such
as a steel pipe or a plastic pipe such as polyethylene (PE), high-density
polyethylene (HDPE), fiberglass-reinforced plastic (FRP), or polyvinyl
chloride (PVC). The pipe manufacturer’s technical literature may indicate
the value for the ASTM D 2412 stiffness of their pipe. Most specifications
for flexible plastic pipe will require a minimum pipe stiffness to be used
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for the project. Flexible pipe may be classified by the level of ASTM D
2412 pipe stiffness as follows:

» Ultra-low stiffness pipe has effective stiffness less than 10 psi (70 kPa)

* Very flexible pipe has effective stiffness less than 36 psi (250 kPa)

* Semi-flexible pipe has effective stiffness of 36 to 150 psi (250 kPa to
1,000 kPa)

* Semi-rigid pipe has stiffness greater than 150 psi (greater than
1,000 kPa)

The stiffness of thick-walled pipe may exceed 7,000 psi (48,263 kPa), so
the term “stiffness” is not used when referring to this material.





