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Abstract

The purpose of this research was to explored Behavior of railway bridge approach:
case study of steel bridge. Because in bridge approach track substructure will change
form subgrade to bridge structure. In this research studied about 1.Ballast fouling 2.Ballast
density 3.Ballast breakage index(BBI) 4.Track settlement and lateral expansion. The test
have two periods first period at 0 month or one day after setup measurement at site and
second period at 3 month. Data was analyzed using Particle size distribution, Fouling
index, Relative ballast fouling ratio, Percentage void contamination, Ballast density and

Track elevation

The result of the test is the changed sub structure form subgrade to bridge is the
point that effect to ballast. This affect will cause of ballast breaking and density decease
form first period. Effect of ballast breaking will decease transmit rail force ability and

increase track settlement. In conclusion track transition will give damage to track structure

Key words: Track/Ballast/Fouling index/Track substructure/Ballast breakage index
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1). Particle Characteristics (Qma&lﬂa"uadagﬂ’m)

- Durability Tests

- Shape Tests

- Gradation

- Unit Weight

- Environmental Test

- Cementing Characteristics

- ldentification and Composition
2). Effects of Particle Characteristics on Behavior

- Specific Gravity and Absorption

- Shape Angularity and Surface Texture

- Gradation and Size

- Supplemental Triaxial Tests

- Conclusions about Several Particle Characteristics

- Petrographic Analysis
3).Repeated Load

- Resilient Behavior
- Plastic Behavior
(Selig & Water 1994)
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Sub ballast Requirements
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2).n3adINBNNITINAIVAITUABULAZ ballast

- Sub ballast HiIaINWNNITINAINUBY ballast Uz subgrade uaztlain
o o X & a A Y
mMIthearuasTudn Ui ballast dae
- Subgrade seepage carrying soil particles
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5).3743NVdY sub ballast
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2.1.5.2?'%31%(Subgrade)
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Eﬂ‘ﬁl 2-6 fuﬁug’]m’m(Subgrade) (Selig & Water 1994)
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(Selig & Water 1994)
2.2.N113550U39 (Track force)
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Usz1Anvas Track force
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1).Vertical Force fa w3dNasaINALITINLUBIT19Uszna ldre
- Vertical wheel force (LLi\‘lﬁ]’mﬁ’ama\‘linle)

- Uplift force (LL398N)
2).Lateral force fia WTINNITZINIMIUALLABENVIRNERIBITITD M ANNNN

- Lateral wheel force

- Bucking reaction force
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3). Longitudinal force fia w3 wuALIldwALEaNwa1E 9 UWA LT
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- Rail wave action

(Selig & Water 1994)



2.3. Track Transition
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Sub Structure % Bridge Approach, 310 Ballast Track LI Slab Track %38 tWasuuias
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(Dingging Li& David Davis 2005 )
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Sussmann, Steven Chrismer 2015)
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2.5.1 n1suwilawvasinlsanig (Ballast Fouling)
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- Subgrade Attrition

- MIgQLENLEDEINWOULEDINNAN particle lubrication
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Table L. Categorics of fouling based on the fouling index, percentage ot fouling
and relative ballast fouling ratio

Fouling index (Schg

and Waters 1994) Percentage of Relative ballast
(..n'.{j.,‘ul \ 1“%) 11".l|lll:.‘ ']- ) fouling ratio 1%
Clean <] <2 <2
Moderately clean | to <l 210 <9S 210 <l
Moderately fouled 10 1o <20 0510 <75 10 o <20
Fouled 20 o <40 17.5 10 <34 ) 1o <50

Highly fouled i 34 50

gﬂﬁ' 2-9 myiaanutwiian (Selig & Water 1994)
2) Percentage Void Contamination (PVC)

Feldman & Nissen (2002) latauan1miiaes PVC iNauaniINanIznuawiitadnnan

NNI8A8IVaIT097191% Ballast laudaun1saddh
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PVC = - x 100
1

\Wa V1 fa dSuna3tedinuad Re-Compacted Ballast ez V2 USunaninauauad Re-

compacted Fouling Material (akm’mﬁmuml,miwm@ 9.5mm)

3) Relative Ballast Fouling Ratio (Rp_ £)

lagidSauifisy % fouling waz PVC lag Rp_ piiludanaiuvesiianasues Fouling
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( Buddhima Indraratna, Li-jun Su, and Cholachat Rujikiatkamjorn 2011 )

Table 2. Categories of fouling
based on PVC.

Category PVC (%)
Clean 0-20
Moderately fouled 20-29
Fouled >30

31Jﬁ 2-10 myaanuludaudra@1PVC ( Buddhima Indraratna, Li-jun Su, and Cholachat

Rujikiatkamjorn 2011 )
2.5.2 Ballast Breakage Index
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6.Settlement Plate L8 Extensometer
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3.2.2.mM3nad2U Sand cone method (ASTM1556)
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3.2.3 MINAFEUNIINIIWIAAA]L Sieve analysis (ASTM D422,D1140,D6913)
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plate W98 1 mm. BTG“IJ’J’]%‘Z@]UE;N‘U% 1 mm. Sleeper No.40 nININAIVaY Settlement
plate H418) 2 mm. UazH4221 2 mm. Sleeper No.66 MINTAAIVa4 Settlement plate

N9e 1 mm. WaZHII 1 mm.

ANTNN 4-4 AINNTVENBAIMUTI(Extensometer)laplgindia lad i Sleeper
No.4 181888NINLAN 1 mm. Sleeper No.40 PYIYDONINLAN 2 mm. LA Sleeper

No.40 haagnaannias

A137 4-5 MIAAUAGIUNEDY Total station 11 Sleeper No.4 NMINIAGIV8S
., - . X
Settlement plate NIn8 12 mm. BTG"IJ’J’]S:@UQMJ% 4 mm. Sleeper No.40 Settlement
L, : .
plate ElsBLRNYU 10 mm. UaZHIUI 7 mm. Sleeper No.66 MINTAAIVDY Settlement

plate H9T18 4 mm. LRIV 4 mm.

AN WN 4-6 MINLAINNTVENBAIGUWL19(Extensometer) 71 Sleeper No.4 ¢
| A & a 4 v A a
Extensometer a1 -18.43 mm. SIAFURINNLEY LHDIINMINIAMNLTIUATS
na9289N19T0 I ¥l @289 Extensometer waunwInuwinlvaaatasadannay §u

Qo t&/ a
Tu Sleeper No.40 a8z Sleeper N0.66 INTVL8AINNTUINNLAY



NNANTIAFIVDING 2 AT bawA MY waznaad Total station ﬁ]:Lﬁu"L@T’j’rﬁaga
AN1INNRY Total station zdHA1AINNILTHaINNAAITAMNLIREIININATINT N

s 1 ci v v = & 1 ﬂi v 1 v v R Qs
'J(ﬂﬂ’]‘ﬂvl,(ﬂ’%']ﬂﬂﬂa\‘]"ﬂx‘lLﬁ%ﬂ’]‘ﬂgﬂ@laﬂuﬁﬂﬂ'ﬁﬂfﬁﬂﬂﬂx‘liz(ﬂ‘ULLﬂtLﬂﬂ’J@]

A19199 4-3 WAGNIVBIAIZAL Settlement plate

NO. Sleeper msw‘g@@ﬁﬁasﬁw miw;@@ﬁcj\mm
(mm) (mm)
4 -1.00 1.00
40 -2.00 -2.00
66 -1.00 -1.00

*ATRURNIL D TeAUGIR

A15197 4-4 NNTVLNBUAIBBNAIUTNY Extensometer

NO. Sleeper NNIVLUAIG UL (mm.)
4 1.00
40 2.00
66 0.00

*ANRURNILDY T2AUAR

® 1°1?ﬂ§%]0 Total station

A19199 4-5 NAG1IVBIANIZAL Settlement plate

NO. Sleeper MINIAAINITE MINTAAINIIN
(mm) (mm)
4 -12.00 4.00
40 10.00 7.00
66 4.00 4.00

*AIRURNILDI T2AUAIR

A13199 4-6 NIVLNLAIDANG WIS Extensometer

NO. Sleeper MIVLUAIFUTI(mm.)
4 -18.43
40 64.15
66 78.18

*@NAURUIBTN ANNIIAAR



4.3.uanmsnadavlaglinis Sieve Analysis

[
o

v . . a ' . &
lanldnns Sieve Analysis lasasauy@iznuitmin Ballast {113 Fouling 3ndiuae
A a \ & A X A
frweaunaazidua(duazunisues 3/8)NNIRTIHANINARLITDNUAAIDaNI U

FUUUUNMNIZNIW BaToadarasnzunssLes %passing

UM 4-12 ATNANMNFUNUTITHING Particle wae %Passing (open track Sleeper

10) WuhdatinazeuNiiuanAIN 1 duuinayninadiu Ballast 1Yiuaisn 2 lag

' o
a A o

mmmﬁumuﬂuﬁﬂmoagmﬂ (D50) VaINBEIATIN 1 A 30 mm. WALATIN 2 Ad 30

A A a s { a &‘ v
mm. ‘]5\‘1E]TQVLSJLﬂ@]ﬂ’]iLL@]ﬂ%ﬂﬁ%ﬂﬂ?ﬂmﬂ%ﬂﬁm@m%%aEl

UM 4-13 ANNANMVFNNUTIZHING Particle Waz %Passing (Approach Track
Sleeper 43) wuidiatninazaUNivaNAIIN 1 Juuinauninvasiu Ballast filnainiy
397 2 lasnalEuHugUENa19auNIA(D50)1aIMIaENIATIN 1 Ao 31 mm. uAzAIIN

A o N < A ~ = ] < A A a o A &
2 a8 30 mm.mm@ﬂ@n’]ﬂidﬂ 2 ﬁ]zuai;luﬂqﬂl’aﬂﬂjqﬂjﬁﬂ 1 LUBJINUNIILLANANNIINYY

g‘ﬂﬁ 4-14 AINANVFUNUTITHING Particle wae %Passing (Approach Track
Sleeper 63 ) WuiieaatINaREUNALINATIN 2 Juwraayn1AvadAn Ballast Nlngini
2 4 Y . « 4 a & 4
a3in 1 laspmnaldudugudnaniayn1a(D50) 1368t 19ATIN 1 Ao 31 mm. UazATIN

2 Aa 32.5 mm.

U7 4-15 nTANNFNHUT IR Particle WAz %Passing (Bridge Sleeper 77)
wuhdmathamaseuiiiuanaian 1 duuiaayninvasiu Ballast ilwgininasan 2 lay
v & @ . & A A & A A
PINALFUNIUABEINAI0UNA(D50)VBIAIBENIATIN 1 AD 32.5 mm. UAZATIN 2 A 31

o [N < A a = | < A A ~ o A &
mm.ﬁdm@ﬂ(ﬂ’)’]ﬂidﬂ 2 ‘ﬂ:ua‘%ﬂ’]ﬂmﬂﬂ’l’]ﬂidﬂ 1 LWHJINAUNIILLANANNNINY Y



%PASSNG

open track (sleeper10)

100
80
o 60
P4
A Zd
< D50=30mm —© a2
S 40 24
° D50=30mm =& axn1
20
0 o &—e6—6—@
100 10 1 0.1
PARTICLE (MM)
gﬂﬁ' 4-12 NINANNRUNUTTEWING Particle Size way %Passing (open track)
Approach track (sleeper43)
100
80
60
D50=30mm @ a2
40 ‘g
D50=31mm =rli=nau1
20
0 ——8r—
100 0.1

1
PARTICLE (MM)

Eﬂﬁ' 4-13 NTINANMNRUNUTIL1ING Particle Size waz %Passing (Approach Track)

0.01

0.01



Approach track (sleeper63)

100
80
60
O
5 15
2 D50=325mm =&~ a2
40 D50=31mm —&— a%i1
20
0 = $=——"0—29
100 1 0.1
PARTICLE (MM)
gﬂ'ﬁ' 4-14 ANANMUFUNUTIZWING Particle Size uaz %Passing (Approach Track)
Bridge (sleeper77)
100
80
$0
P
3 -
5\;0 D50=31mm ~© ﬁiﬂi
D50=32.5mny & Az
20
' @ @ 9 99 9
100 1 0.1

PARTICLE (MM)

gﬂﬁ 4-15 NWANMUFUNUTIZN IS Particle Size uas %Passing (Bridge)

0.01

0.01



4.3.1.31@51zvin13duitlanaas Ballast

a [ d 1 . .
N13AINEVAIBAT Fouling index

FI=P4+P200

(Selig & Water 1994)

AUl uaNNIAa% Passing 2840z4n39Uas 4 Uaz 200 F9aziAnlainlusin

X A a & A . (% A A X o A A
WUNUILITH Approach WibdA1 Fouling Index @3613N1 4-7 NUNNVWaLLLDI Ballast 4

o : A 2 A . & &
ﬂ’ﬁgﬂﬂ’lmﬂu’mﬂ’s’]ﬁ;@auﬁmm %Passmg VRINSLNIILLAT 4 LREALLLNIILUDT 200 4N

& o . , v A '
mummqmmmﬂﬂﬁ’mmmmzmmmwao Track Stiffness awtHaIN1NNNTURLW

284 sub-structure MMNAWTURENIUAAUNTA AT AINNIN Ballast LNAANULFIRILRINE

@013z ANTNIWNNIITZ L8NV aINTD N LRalaaunzante auaunnluwnisiainizny

(2

J1989%88R9 Lﬂummmﬁmaaﬁmisﬁauﬂﬁga

q

A191991 4-7 @1 Fouling index (FI)

LA A3IN1 (FI) A3IN2 (F1) NANTLATIER
AN AIN2
A39N 1 Steel 4 2.60 2.96 Moderately Moderately
ﬂ%?ﬁﬁl 2 Steel 10 clean clean
AN 1 Steel 40 3.88 0.43 Moderately Clean
ﬂ%?ﬁﬁl 2 Steel 43 clean
ﬂ%?ﬁﬁl 1 Steel 63 0.92 4.31 Clean Moderately
ﬂ{‘iﬁ' 2 Steel 66 clean
ﬂ{‘iﬁ' 1 Steel 77 0.90 5.21 Clean Moderately
ﬂi‘i‘ﬁ' 2 Steel 80 clean




N13ILAT1EHA28AN Relative Ballast Fouling Ratio

Mg X (

Gs—b
Gs_f

)

Rb—f ==

b

X 100%

mnwamﬁmm:ﬁ@th_fﬁfuvlﬁﬁfuﬁﬁa ballast 114129 Approach HiiA3

R a & .
aﬂﬂsﬂw’mmmmmaghma Moderately clean WA LI UVD9 open track wi ballast e

a & v & a = @ A =
Rb_f ﬂa@a\‘]ﬁ]’]ﬂﬂiﬂﬂauﬁuqsﬁﬁaqﬁluaqLﬁ@‘}ﬂJ’]"ﬂ’]ﬂ Ny 1°1j Ballast 1%3Jsﬁﬂ(§laulaﬂl]

@natn9a13 liAULeT Ballast lwannvinnInesay

@151911 4-8 61 Relative Ballast Fouling Ratio ( Rp_ r)

AR AN (Rb—f) AIN2 (Rb—f) HANITILATIZH
AN AIN2
AN 1 Steel 4 2.84 2.58 Moderately Moderately
ﬂﬁf‘d‘ﬁ' 2 Steel 10 clean clean
ﬂ%?ﬁﬁl 1 Steel 40 5.86 1.62 Moderately Clean
A%I71 2 Steel 43 clean
ﬂ%?ﬁﬁl 1 Steel 63 0.53 2.24 Clean Moderately
ﬂ%?ﬁﬁl 2 Steel 66 clean
AN 1 Steel 77 0.62 2.69 Clean Moderately
ﬂ%?ﬁﬁl 2 Steel 80 clean




NMIIATIEHAILAN Percentage Void Contamination (PVC)

V2
PVC = —=x 100
41

Wa V1 fe YSunastedineued Re-Compacted Ballast Wae V2 USunaninuauad Re-

compacted Fouling Material (agm@ﬁ&i’mmummm@ 9.5mm)

Gl’li'l\‘l‘ﬁ 4-9 Percentage Void Contamination (PVC)

ALY asIf AsIN2 HANIIILATIEH
ﬂ%ﬂﬁ 1 Steel 4 11.85 2.28 Clean clean
397 2 Steel 10
A%a7 1 Steel 40 28.12 236 | Moderately |  clean
ﬂ%ﬂﬁ 2 Steel 43 foul
397 1 Steel 63 7.1 3.44 Clean clean
397 2 Steel 66
ﬂ%ﬂﬁ 1 Steel 77 2.12 6.15 Clean clean
397 2 Steel 80

nsul3auiiisy @R}, _ ¢ @1 Fouling Index waz @1 PVC

1NANIILATIEAAN fouling dI83MIAAENNS 3 3508 FI, Rp_ ¢ waz PVC a2

1o
A o

TinaldluiiemadinaiudaBaliastiusienFoulingfidnlasmsdianesidnodn Ry, 1
v & K ] ' . A v ' A Aaa a & al
szuaadliiAuiisauuand VeI fouling anfigamudiod FI S35 yamzii
K % ] 1 =3 ] v A L 1 a 6 v
ldsudauudaunsativanisanuuandrslaindannuen Rp_; wazmslienzvieng
@1 PVC wunau luanansaueanns Fouling ATa1an laiitasannuaiiasnzh lanasanan
Waunsnuadanducleaniiinesnsleeper 40 1vinnuidu Moderately foulnanuada

o < a & & A o ~
a’]u’]iﬂaﬁ;l}‘l@‘lflq ballast uuLﬂ(ﬂﬂqiﬂuLﬂaquﬂmquﬂﬂiauaﬂﬂJqﬂLWUﬁi@l



NN3ILATILYAI8AN Ballast breakage index (BBI)

MNMIFwImLNanIe Ballast breakage index (BBI) WU Ballast 4013
Lmﬂ%‘”ﬂmﬂﬁq@ﬁ‘*ﬁ'go Sleeper 7 77-80 %oagﬂuﬁm Bridge LLaz384893108T24 Sleeper 7
63-66 %aagﬂmﬁw Approach B 2 ﬁqqa:ﬁmﬂﬂ5muﬁugmﬁmmﬂﬁuﬁﬁwmaLf’lu
azwmﬂaun‘%’mﬁauﬁazlﬁ%ﬁaaa:wmmﬁﬂﬁﬂﬁmLﬁ@mwmmmaaﬁwmwmvﬁwaama

30'lW Track Stiffness ﬁw‘hlﬁl,ﬁ@ﬂ']il,mﬂﬁ”ﬂﬁmﬂﬂiwg@5%

@191991 4-10 61 Ballast breakage index (BBI)

ALY Ballast breakage index (BBI)

“7'1' 1 Steel 4 0.092
#i 2 Steel 10
#i 1 Steel 40 0.105

5
5
5
A7 2 Steel 43
5
5
$

A3371 1 Steel 63 0.108
A%371 2 Steel 66
a%a71 1 Steel 77 0.107
A3371 2 Steel 80

4.4. ian1inadad Field Density LLaz Rod unit weight
AAzinan1INaday Field Density Sand cone Method

NANANINARAUYINANIIUT67161 Density aanmIvinnsnesey Field
density test a7 1 SAdautvunnifiainnan Ballast Suwienlwavinlid
ToaINNlaNEUALLTINATIBIIINATAY Field density test MLALAIDEIUA?
o IR . & ' & A o . A A . . A !
vl¥e1 Density g99% udiluaisn 2 dradnegaf 2 9zl Unit weight fisind
ATILINaWLHEINNANN Ballast aulHasnnann Ballast Aanaunuwiuuuiasadiagng
VAL LeTa 2798 UNANINNMIUANKNANUMNAIA MINALTNE UAziWinTas

N9l anlutraan 3 Leawanasen 1



Density by Sand Cone Method

25
21.2
20.07 9.2
= 20 17.98 i8.60
£ 16.23 16.64
S~
g 15 12.96
Z
2 10 B Omonth density
[]
a H 3month density
6 5
0
Open Approch2 Approch2 Bridge
FumisTiinnsmagey
g‘ﬂﬁ 4-16 nTWLLRAIAT Density YaIN1INAFAU Field Density
. 211 Wauwsnsinewesan Density (sand cone)
5 497
6 .
£
g 4
=
T 2
< -0.34 e sand cone
T 0
€ 5 open track approach 1 approach 2 bridge

AnNnAAaL

LN 4-17 AnuuanesVeIfn Density 321I19ATIN 1 UAZATIN 2

AATNLRHAaNIINATaL Rod Unit Weight

MNHANINARas Rod Unit Weight 1un193nWena Open assit 1 lédn Unit
weight 15.19 Ailafidwgnunariuas asafi 2 16 15.08 Alafhawanuneriiues luga
Approach Track1 laien Unit weight 15.39 filafhdwgnuianiuas a%afi 2 16t 15.00 Ala
fhawanuieriuay lusa9 Approach Track 2 léidn Unit weight 15.24 Alafiiaw

anunafiuny a397 2 16 14.94 Aladhdwgnuiaiiuas uazlutig Bridge lden Unit



weight 15.20 Ailafliawgnunaniiuas a3af 2 1d 15.00 Alafhawgnuiaiiuas axiiu
ld e Rod Unit Weight lua3sf 2 aziaundnassn 1 as3ud 4-18

v
@

NNNANNINARBS Rod Unit Weight 14a399 1 uaz 2 wuin luasausnuazasin 2
Itaans lufinni19@ednt nMsnagay Sand Cone Method Aa fifin Density WAz AARY

NNATININ @Tﬂgﬂﬁ 4-19

Rod unit weight Method

15.50
15.39
__15.40
< 15.30 15.24
£ 15.19 : 15.20
S 15.20
E 1510 15.08
o 15.00 15.00
g 15.00 14.94 HRodOm
E 14.90 HRod3m
S
14.80
14.70
open Approachl Approach2 Bridge
FumdeiAusaeting
gﬂﬁ 4-18 LLNuQﬁLLﬁmﬁ’] Unit weight 283n13M@&LY Rod Unit Weight
_ nauansngaasal Unit weight
Q
§ 0.5 0.39
< 0.4 0.3
%o 0.3 0.2
‘5 0.2 0.11
2 01 e 0]
]
5 0
. open track approach 1 approach 2 bridge
& '
= qpfinpgay

U7 4-19 wnunAilSsuifisuanauandsvasdflaszninenian 1 uaza3sn 2 189 Rod Unit Weight
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uUN 5 asUHALAzYDLERBUKE
5.1 a@namﬁﬁ'&n

PNNNIANIIUAZILATIZA AN ue Va9 Ballast aWLEINIINNNITILLIINNTD I
. a : ¥ A . A
lasutsnshansaneantdu 3 @ luNunfaOpen Track, Approach Track, Bridge %4
PNNWANINAFALNI 3 BENIAa Sieve Analysis Rod Unit Weight & Field Density test LLag

MIAAITZAUVAITIII0 N mmsnagﬂ"lﬁ@”oﬁ

5.1.1 Open Track

v
o A a

A A a & o .
Ballast Nﬂ']’]llLﬁﬂ%’]ULWﬂJTuﬁnﬂﬂiﬂﬂ11@]Uwaﬁ]ﬂ@ﬁnﬂwama\1ﬂ'\§ Sieve

u

Analysis W8z Unit Weight 789 @284 Ballast Titiuun vilwinagdlddnlu Open Track

¥

1 Ballast huaaaiatadsnguianmafivdainafineulnaiiwldanvilid Fine
Particle hosningn wa3sdatiunalien Fouling Index ¢ Rb—f WaZAT PVC @184 U6
ANIALVDITIIUAT Settlement Plate usnasvilimansnasylain memalWifianiange

> &/
@IANNVY
5.1.2 Approach Track

.ludauﬁﬂzﬁﬁuﬁg@aau 239 Ao Sleeper no.43 LLae Sleeper no.63 lag
v @ a ' . Ja a a ]
sleeper no.63 ﬁ):aglnaﬁzwmﬂaummmﬂmﬂumuuﬂamu‘nmﬂﬂaﬂuLLﬂmmaam
) D e &, ) . ¥ X
Track Stiffness ag137@La% N3A1 Fouling Index Rb—f wazA1 PVC 1%?@?&%:@&%%
v % & A o % v { ] .
L‘ﬂuwasl,%ﬂ’m’]?ﬂ?@@I’)3J’]ﬂ°llWIi\‘iﬁ]Z‘Y]’]FL‘ﬁﬁ?ﬂvl,@]’nﬂ’lﬂﬂﬁﬂuuﬂaﬁ]adﬂ’] Track Stiffness

& A A o a
uumammﬂumamvlvhn
5.1.3 Bridge

sautidudiuniaguu Concrete Bridge lusuil ¢ Fouling Indexuaz N

o A

' < A & & = v o
Rb_f Lz PVC Uil UNNUUINNNIINARAUAIILIN T\Tﬁﬂ@ﬂﬂﬂﬂﬂﬂﬂqﬂq?ﬂﬁ;(ﬂ@n'ﬂ
A & A A Aa A A Aa
Nqﬂ‘ﬂq@Luaﬂﬁ]’]ﬂLLﬁﬂﬂizLL'ﬂﬂ"{nﬂﬁﬂvLW‘ﬂLl]aElu'ﬂ']ﬂﬂ'lﬁﬂu?mqﬂaguu@uﬂuﬂq Track

Stiffness NETNITLWNUIZNIBADWNIAV IFAGNIIATEUNNLTUNALA ballast Lan#N
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@15197 N-1 NINAFAL Sieve analysis (Steel #4) ASTM D422,D1140 uaz D6913 (A3971 1)

Name Steel#4 Date 18/1/2561
Unit Before washing After washing
Mass of dry sample (g) g. 20009
Mass Mass of
Sieve Mass of
of soil %
Sieve# size sieve % retained Y%passing
sieve retained cumulative
(mm) +soil (g)
(9) (9)
2" 50 4792 4792 0 0 0 100
11/2" 37.5 | 4643 5791 1148 22.96165324 | 22.961653 | 77.03835
1" 25 4577 7104 2527 50.54363914 | 73.505292 | 26.49471
3/4" 19 4773 5516 743 14.86107 88.366362 | 11.63364
172" 12.5 | 4713 5061 348 6.960501156 | 95.326864 | 4.673136
3/8" 9.5 4594 4689 95 1.90013681 97.227 2.773
No.4 4.75 | 4575 4635 60 1.200086406 | 98.427087 | 1.572913
No.16 1.18 | 402.73 | 413.24 10.51 0.210215135 | 98.637302 | 1.362698
No.40 0.425 | 331.87 | 335.91 4.04 0.080805818 | 98.718108 | 1.281892
No.60 0.25 | 326.05 329.27 3.22 0.064404637 | 98.782512 | 1.217488
No.100 0.15 | 316.88 | 320.92 4.04 0.080805818 | 98.863318 | 1.136682
No.200 0.075 | 473.98 | 479.61 5.63 0.112608108 | 98.975926 | 1.024074
Pan 0 3552 3558 51.2 1.024073733 100 0
4999.64 100
TnABnInae 5000.9
thninen #4 4928
Ymindng #200 27.7
smminenu #200 452
% HIU#200 0.903837




@13197 N-2 NINAFAL Sieve analysis (Steel #40) ASTM D422,D1140 waz D6913 (A3971 1)

Name Steel #40 Date 19/1/2561
Unit Before washing After washing
Mass of dry sample (g) g. - >008.8
Mass Mass of
Sieve Mass of
of soil %
Sieve# size sieve % retained Y%passing
sieve retained cumulative
(mm) +soil (g)
(9) (9)
2" 50 4792 4792 0 0 0 100
11/2" 375 | 4641 6126 1485 29.66582497 | 29.665825 | 70.33418
1" 25 4577 6803 2226 4446877197 | 74.134597 | 25.8654
3/4" 19 4774 5491 717 14.32349933 | 88.458096 | 11.5419
1/2" 12.5 4713 4918 205 4.095282235 | 92.553379 | 7.446621
3/8" 9.5 4594 4690 96 1.917790705 | 94.471169 | 5.528831
No.4 4.75 4572 4709 137 2.736847152 | 97.208016 | 2.791984
No.16 1.18 | 402.73 45413 51.4 1.026817107 | 98.234833 | 1.765167
No.40 0.425 | 331.87 344.24 12.37 0.247115323 | 98.481949 | 1.518051
No.60 0.25 | 326.05 332.25 6.2 0.123857316 | 98.605806 | 1.394194
No.100 0.15 | 316.88 323.35 6.47 0.129251103 | 98.735057 | 1.264943
No.200 0.075 | 473.98 482.8 8.82 0.176197021 98.911254 | 1.088746
Pan 0 3552 3561 54.5 1.088745765 100 0
5005.76 100
dneinrisnae 5008.8
tntineng #4 4876
Yindg #200 87.3
ssiinenn #200 455




@13197 N-3 NINAFAL Sieve analysis (Steel #66) ASTM D422,D1140 waz D6913 (A3971 1)

Name Steel#66 Date 18/1/2561
Unit Before washing After washing
Mass of dry sample (g) g. - 5000.1
Mass Mass of
Sieve Mass of
of soil % %
Sieve# size sieve Y%passing
sieve retained | retained | cumulative
(mm) +soil (g)
(9) (9)
2" 50 4792 4792 0 0 0 100
11/2" 375 4641 5688 1047 20.94067 | 20.94067 | 79.05933
1" 25 4577 7685 3108 62.16199 | 83.102659 | 16.89734
3/4" 19 4774 5493 719 14.38046 | 97.483119 | 2.516881
1/2" 12.5 4713 4804 91 1.820058 | 99.303178 | 0.696822
3/8" 9.5 4594 4602 8 0.160005 | 99.463183 | 0.536817
No.4 4.75 4572 4574 2 0.040001 | 99.503184 | 0.496816
No.16 1.18 402.73 402.75 0.02 0.0004 | 99.503584 | 0.496416
No.40 0.425 | 331.87 332.1 0.23 0.0046 | 99.508184 | 0.491816
No.60 0.25 326.05 326.75 0.7 0.014 99.522185 | 0.477815
No.100 0.15 316.88 317.76 0.88 0.017601 | 99.539785 | 0.460215
No.200 0.075 | 473.98 475.89 1.91 0.038201 | 99.577986 | 0.422014
Pan 0 3552 3554 211 0.422014 100 0
4999.84 100
dneinrisnae 5000.1
tnrineng #4 4977
fintineng #200 4
ssiinenn #200 19.1




@13197 N-4 NINAFAL Sieve analysis (Steel #80) ASTM D422,D1140 waz D6913 (A3971 1)

Name Steel #80 Date 19/1/2561
Unit Before washing After washing
Mass of dry sample (g) 5001.8
Mass of
Sieve | Mass of | Mass of
soil % %
Sieve# size sieve sieve Y%passing
retained retained | cumulative
(mm) (9) +soil (g)
(9)
2" 50 4792 4792 0 0 0 100
11/2" 37.5 4641 6101 1460 29.19399 | 29.193986 | 70.80601
1" 25 4577 7535 2958 59.14782 | 88.341802 | 11.6582
3/4" 19 4774 5207 433 8.658216 | 97.000018 | 2.999982
12" 12.5 4713 4816 103 2.059576 | 99.059594 | 0.940406
3/8" 9.5 4594 4610 16 0.319934 | 99.379528 | 0.620472
No.4 4.75 4572 4578 6 0.119975 | 99.499503 | 0.500497
No.16 1.18 402.73 403.3 0.57 0.011398 | 99.510901 | 0.489099
No.40 0.425 | 331.87 | 332.34 0.47 0.009398 | 99.520299 | 0.479701
No.60 0.25 326.05 | 326.81 0.76 0.015197 | 99.535496 | 0.464504
No.100 0.15 316.88 317.8 0.92 0.018396 | 99.553892 | 0.446108
No.200 0.075 | 473.98 | 476.19 2.21 0.044191 | 99.598083 | 0.401917
Pan 0 3552 3555 20.1 0.401917 100 0
5001.03 100
Tnsnanae 5001.8
dntineg #4 4979
dwineg #200 5.7
svineinw #200 17.1




@13197 N-5 NINAFAL Sieve analysis (Steel #10) ASTM D422,D1140 uaz D6913 (A3971 2)

Name Steel #10 Date 4/15/2561
Unit Before washing After washing
Mass of dry sample (g) g. - 5025.4

Mass Mass of | Mass of
Sieve
of sieve soil % %
Sieve# size Y%passing
sieve +soill retained | retained | cumulative
(mm)
(9) (9) (9)
2" 50 4792 4792 0 0 0 100

11/2" 37.5 4641 5870 1229 2445732 | 24.45732 | 75.54268
1" 25 4577 7111 2534 50.42706 | 74.88438 | 25.11562
3/4" 19 4774 5528 754 15.00474 | 89.88912 | 10.11088
1/2" 12.5 4713 5034 321 6.387958 | 96.27707 | 3.722926
3/8" 9.5 4594 4654 60 1.194011 | 97.47109 | 2.528915
No.4 4.75 4572 4612 40 0.796007 | 98.26709 | 1.732908
No.16 1.18 402.3 411.28 8.98 0.178704 | 98.4458 1.554204
No.40 0.425 331.87 | 339.46 7.59 0.151042 | 98.59684 | 1.403162
No.60 0.25 326.05 | 329.33 3.28 0.065273 | 98.66211 | 1.337889
No.100 0.15 311.82 | 316.44 4.62 0.091939 | 98.75405 1.24595
No.200 0.075 473.33 474 .2 0.87 0.017313 | 98.77136 | 1.228637

Pan 0 3552 3555.08 | 61.74 | 1.228637 100 0

5025.08 100

iwmintisnue 5025.4
iwinens #4 4941
iwmiinens #200 25.74
WMNEN #200 58.66




@13197 N-6 NINAFAL Sieve analysis (Steel #43) ASTM D422,D1140 uaz D6913 (A3971 2)

Client
Name Steel #43 Date 4/15/2561
Unit Before washing After washing
Mass of dry sample (g) g. 5004.53
Mass Mass of
Sieve Mass of
of soil % %
Sieve# size sieve Y%passing
sieve retained | retained | cumulative
(mm) +so0il (g)
(9) (9)
2" 50 4792 4792 0 0 0 100
11/2" 37.5 4641 5885 1244 | 24.85852 | 24.85852 | 75.14148
1" 25 4577 7183 2606 | 52.07501 | 76.93353 | 23.06647
3/4" 19 4774 5479 705 14.08783 | 91.02136 | 8.978642
172" 12.5 4713 5009 296 5.91489 | 96.93625 | 3.063753
3/8" 9.5 4594 4668 74 1.478722 | 98.41497 | 1.585031
No.4 4.75 4572 4633 61 1.218947 | 99.63392 | 0.366084
No.16 1.18 402.3 406.65 4.35 0.086925 | 99.72084 | 0.279159
No.40 0.425 | 331.87 | 336.42 4.55 0.090921 | 99.81176 | 0.188237
No.60 0.25 326.05 | 327.06 1.01 0.020183 | 99.83195 | 0.168055
No.100 0.15 | 311.82 | 313.67 1.85 0.036968 | 99.86891 | 0.131087
No.200 0.075 | 473.33 | 476.81 3.48 0.06954 | 99.93845 | 0.061547
Pan 0 3552 3555.08 3.08 0.061547 100 0
5004.32 100
TN anae 5004.53
dntineg #4 4961
snvindng #200 13.525
svineinw #200 30.005




@15197 N-7 NMINAFAL Sieve analysis (Steel #63) ASTM D422,D1140 waz D6913 (A5971 2)

Client
Name Steel #63 Date 4/15/2561
Unit Before washing After washing
Mass of dry sample (g) g. - 5096.9
Mass Mass of
Sieve Mass of
of soil % %
Sieve# size sieve Y%passing
sieve retained | retained | cumulative
(mm) +so0il (g)
(9) (9)
2" 50 4792 4949 157 3.086553 | 3.080304 | 96.9197
11/2" 37.5 4641 5885 1244 | 24.45651 | 27.53681 | 72.46319
1" 25 4577 7524 2947 | 57.93677 | 85.47358 | 14.52642
3/4" 19 4774 5339 565 11.10766 | 96.58124 | 3.418759
172" 12.5 4713 4773 60 1.179574 | 97.76082 | 2.239184
3/8" 9.5 4594 4594 0 0 97.76082 | 2.239184
No.4 4.75 4572 4573 1 0.01966 | 97.78048 | 2.219524
No.16 1.18 402.3 | 40245 0.15 0.002949 | 97.78342 | 2.216576
No.40 0.425 | 331.87 | 335.31 3.44 0.067629 | 97.85105 | 2.148947
No.60 0.25 | 326.05 | 326.37 0.32 0.006291 | 97.85734 | 2.142656
No.100 0.15 | 311.82 | 3127 0.88 0.0173 | 97.87464 | 2.125355
No.200 0.075 | 473.33 | 475.15 1.82 0.03578 | 97.91043 | 2.089575
Pan 0 3552 | 3555.08 | 105.97 | 2.083325 | 99.99375 | 0.00625
5086.58 100

iminsnae 5096.9
iwiindna #4 4989
wwinAna #200 5.01
wAwiinew #200 102.89




@13197 N-8 NINAFAL Sieve analysis (Steel #77) ASTM D422,D1140 uaz D6913 (A3971 2)

Client
Name Steel #77 Date 4/15/2561
Unit Before washing After washing
Mass of dry sample (g) 5135.3
Mass Mass of
Sieve Mass of
of soil % %
Sieve# size sieve Y%passing
sieve retained | retained | cumulative
(mm) +so0il (g)
(9) (9)
2" 50 4792 4792 0 0 0 100
11/2" 37.5 4641 5604 963 18.76498 | 18.76498 | 81.23502
1" 25 4577 7897 3320 | 64.69339 | 83.45837 | 16.54163
3/4" 19 4774 5448 674 13.13354 | 96.59191 | 3.408094
172" 12.5 4713 4751 38 0.740466 | 97.33237 | 2.667628
3/8" 9.5 4594 4594 0 0 97.33237 | 2.667628
No.4 4.75 4572 4572 0 0 97.33237 | 2.667628
No.16 1.18 402.3 402.5 0.2 0.003897 | 97.33627 | 2.663731
No.40 0.425 | 331.87 | 335.45 3.58 0.06976 | 97.40603 | 2.593971
No.60 0.25 | 326.05 | 326.44 0.39 0.0076 | 97.41363 | 2.586372
No.100 0.15 | 311.82 | 312.63 0.81 0.015784 | 97.42941 | 2.570588
No.200 0.075 | 473.33 | 474.78 1.45 | 0.028255 | 97.45767 | 2.542333
Pan 0 3552 | 3555.08 | 130.47 | 2.542333 100 0
5131.9 100
TnAinInae 51353
thninen #4 5003
smmindng #200 4.91
fntinrnn #200 127.39




A13199 -9 N3IaA19launaad Total station (*AN — BUNBNITZALE)

IATZAVATIN 1 (V.

IATZALATIN 2 (.

WA | IAUTY | AU | TaUThY | 32aUTI0 | WeEN L U, | NeE1d R W.
1 10.005 10.062 10.006 10.072 0.001 0.01
3 10.022 10.091 10.012 10.083 -0.01 -0.008
5 10.034 10.097 10.031 10.099 -0.003 0.002
7 10.039 10.097 10.026 10.109 -0.013 0.012
9 10.042 10.109 10.043 10.108 0.001 -0.001
11 10.044 10.124 10.052 10.115 0.008 -0.009
13 10.065 10.117 10.056 10.126 -0.009 0.009
15 10.075 10.127 10.072 10.131 -0.003 0.004
17 10.081 10.131 10.075 10.139 -0.006 0.008
19 10.078 10.152 10.089 10.143 0.011 -0.009
21 10.106 10.151 10.095 10.16 -0.011 0.009
23 10.115 10.158 10.108 10.163 -0.007 0.005
25 10.115 10.171 10.12 10.17 0.005 -0.001
27 10.131 10.168 10.119 10.189 -0.012 0.021
29 10.13 10.196 10.131 10.18 0.001 -0.016
31 10.129 10.178 10.136 10.194 0.007 0.016
33 10.138 10.211 10.152 10.201 0.014 -0.01
35 10.18 10.208 10.165 10.213 -0.015 0.005
37 10.155 10.198 10.17 10.224 0.015 0.026
39 10.181 10.23 10.182 10.227 0.001 -0.003
41 10.17 10.224 10.187 10.237 0.017 0.013
43 10.176 10.246 10.19 10.24 0.014 -0.006
45 10.219 10.237 10.198 10.25 -0.021 0.013
47 10.199 10.254 10.204 10.245 0.005 -0.009
49 10.23 10.246 10.213 10.251 -0.017 0.005
51 10.246 10.261 10.226 10.266 -0.02 0.005
53 10.26 10.276 10.232 10.272 -0.028 -0.004
55 10.253 10.267 10.243 10.294 -0.01 0.027




A13199 -9 NIAA19lasnaad Total station (6i8)

FasEauasIn 1 FasEauaiIn 2
(¥.)
TOU | AU | AU | 20U | WadWL | Wade R
nua Liald STl iald 27 3. 3.
57 10.24 10.281 10.264 | 10.286 0.024 0.005
59 10.24 10.281 10.265 | 10.293 0.025 0.012
61 10.296 | 10.309 | 10.279 | 10.306 -0.017 -0.003
63 10.286 | 10.294 10.29 10.31 0.004 0.016
65 10.298 | 10.308 | 10.307 | 10.318 0.009 0.01
67 10.325 | 10.336 | 10.302 10.34 -0.023 0.004
69 10.311 10.321 10.325 | 10.336 0.014 0.015
71 10.338 | 10.348 | 10.323 | 10.362 -0.015 0.014
73 10.364 | 10.374 | 10.348 | 10.357 -0.016 -0.017
75 10.344 | 10.352 | 10.373 | 10.382 0.029 0.03
77 10.368 | 10.376 | 10.377 | 10.386 0.009 0.01
79 10.392 10.4 10.368 | 10.405 -0.024 0.005
81 10.407 | 10.415 | 10.393 | 10.399 -0.014 -0.016
83 10.377 | 10.384 | 10.404 | 10.425 0.027 0.041
85 10.392 | 10.407 | 10.406 | 10.429 0.014 0.022
87 10422 | 10.431 10.402 | 10.436 -0.02 0.005




A13199 N-10 MIIAF T LABNRBITZAL (AN — BUBDNITZALEI)

FasEauasIn 1 FasEaUaIIN 2
Wl | 3AUTIY | TaUDN | AU | 32aUDIN | WNaEN LU, | WeE1d R W.

1 10.007 10.071 10.007 10.074 0 0.003
3 10.016 10.086 10.016 10.084 0 -0.002
5 10.026 10.094 10.026 10.095 0 0.001
7 10.034 10.103 10.034 10.103 0 0

9 10.04 10.111 10.04 10.109 0 -0.002
11 10.046 10.117 10.045 10.116 -0.001 -0.001
13 10.065 10.125 10.055 10.124 -0.01 -0.001
15 10.068 10.134 10.066 10.133 -0.002 -0.001
17 10.078 10.14 10.077 10.141 -0.001 0.001
19 10.088 10.15 10.086 10.148 -0.002 -0.002
21 10.096 10.158 10.097 10.157 0.001 -0.001
23 10.109 10.168 10.106 10.166 -0.003 -0.002
25 10.118 10.175 10.116 10.175 -0.002 0

27 10.125 10.181 10.124 10.182 -0.001 0.001
29 10.132 10.189 10.132 10.187 0 -0.002
31 10.14 10.197 10.139 10.195 -0.001 -0.002
33 10.151 10.205 10.151 10.204 0 -0.001
35 10.161 10.213 10.161 10.213 0 0

37 10.171 10.221 10.169 10.221 -0.002 0

39 10.179 10.23 10.178 10.228 -0.001 -0.002
41 10.186 10.237 10.186 10.236 0 -0.001
43 10.183 10.24 10.183 10.242 0 0.002
45 10.2 10.25 10.198 10.248 -0.002 -0.002
47 10.209 10.257 10.207 10.256 -0.002 -0.001
49 10.219 10.261 10.217 10.263 -0.002 0.002
51 10.229 10.271 10.227 10.269 -0.002 -0.002
53 10.239 10.279 10.238 10.279 -0.001 0

55 10.25 10.29 10.249 10.287 -0.001 -0.003




dl o 1 v ot 1
M1319N n-10 ﬂ’]i’J@WﬁTNI@] gNRIITAL(AD)

IATZAUATIN 1

I0TZAUATIN 2

AU | WU | eeU | eU | WadwL | Wa@wR
nua Giald STl il 27 3. 3.
57 10.26 10.298 10.26 10.296 0 -0.002
59 10.27 10.305 | 10.269 | 10.304 -0.001 -0.001
61 10.281 10.312 | 10.276 | 10.313 -0.005 0.001
63 10.291 10.32 10.286 | 10.317 -0.005 -0.003
65 10.3 10.33 10.299 | 10.326 -0.001 -0.004
67 10.309 | 10.339 | 10.308 | 10.335 -0.001 -0.004
69 10.322 10.35 10.322 | 10.347 0 -0.003
71 10.339 | 10.361 10.337 10.36 -0.002 -0.001
73 10.352 | 10.372 | 10.351 10.373 -0.001 0.001
75 10.361 | 10.381 10.361 10.382 0 0.001
77 10.37 10.389 | 10.367 | 10.386 -0.003 -0.003
79 10.38 10.398 | 10.379 | 10.395 -0.001 -0.003
81 10.39 10.402 | 10.388 | 10.402 -0.002 0
83 10.399 10.41 10.398 | 10.411 -0.001 0.001
85 10.408 10.42 10.405 | 10.417 -0.003 -0.003
87 10.419 10.43 10.416 | 10.426 -0.003 -0.004




A13199 N-11 N1IIAAITZAL Settlement plate LaZNITVENLAIG UL Extensometer

naadTotal
naadTotal
ASIT 1 (RIIBLUAT)
Settlement plate Extensometer
NO: Left Right
Sleeper Left Right distance
N E N E
4 10.044 10.081 90.504 | 92.458 | 88.628 | 91.512 2.101
40 10.19 10.258 82.07 | 111.738 | 80.106 | 110.891 2.139
66 10.295 10.308 76.287 | 125.925 | 74.391 125.17 2.041
naadTotal
ASIT 2 (RUBLUAT)
Settlement plate Extensometer
NO- Left Right
Sleeper Left Right distance
N E N E
4 10.032 10.085 109.491 | 107.526 | 111.396 | 108.455 2119
40 10.2 10.265 | 117.935 | 88.265 | 119.853 | 89.056 2.075
66 10.291 10.304 123.686 | 74.048 | 125.518 | 74.752 1.963




AN3199 N-12 NMTIAFTEAL Settlement plate LATANTVLNBAIRIULS Extensometer lagnaadseay

wazine
naadIzau+nNlIa
A% 1 (MUBLUGT) BS=1.42 320U 10m =11.42
Settlement plate
NO. Left Right
- - Extensometer
Sleeper AR o VBUA o
Y ey | " RHOJ]
v au
4 1.373 10.047 1.338 10.082 2.123
40 1.222 10.198 1.15 10.27 2.14
66 1.124 10.296 1.106 10.314 2.003
naadIzau+nlIa 20U 10 m =
A3In 2 (MUIBLUGT) BS=1.466 11.466
Settlement plate
NO. Left Right
- = Extensometer
Sleeper BUR o VYR o
Y oy | " SR
A au
4 1.42 10.046 1.383 10.083 2.122
40 1.27 10.196 1.198 10.268 2.138
66 1.171 10.295 1.153 10.313 2.003




13199 N-12 Rod unit weight Calibration of container by SAND (ﬂf}'\iﬁ 1)

Calibration of container by SAND
container No. SY28 | SY29
sand density (KN/m*3) 15.38 | 15.38
weight of container (kg) 0.482 | 0.518
weight of container + sand (kg) 18.480 | 18.908
weight of sand (kg) 17.998 | 18.39
volume of containner (L.) 11.480 | 11.730
S.D. 0.177

@1519% N-12 Rod unit weight Calibration of container by WATER (ﬂf&ﬁ 1)

Calibration of container by WATER

container No. SY28 SY29
Temperrature of water (°C) 29 29
density of water (t/m*3) 0.99595 | 0.99595
weight of container (kg) 0.482 0.518
weight of container + water (kg) 15.427 | 15.799
weight of glass (kg) 3.697 3.697
weight of water (kg) 11.248 | 11.584
volume of containner (L.) 11.294 | 11.631
S.D. 0.239




A13199 N-13 WANNINAFALU Rod unit weight (A9 1)

container | density
Sleeper | container | container density by water
Bridge + Ballast | by sand
No. No. (kg) (KN/mA3)
(kg) (KN/m*3)
#4 SY29 0.518 18.532 15.07 15.19
#40 SY29 0.518 18.767 15.26 15.39
STEEL
#66 SY29 0.518 18.587 15.11 15.24
#80 SY29 0.518 18.539 15.07 15.20
Approch
SY29 0.518 19.467 15.85 15.98
Ballast
Old Ballast SY29 0.518 21.787 17.79 17.94
New Ballast SY28 0.482 17.779 14.78 15.02

151991 N-14 Rod unit weight Calibration of container by SAND (3911 2)

Calibration of container by SAND
container No. SY28 | SY29
sand density (KN/m”3) 15.38 | 15.38
weight of container (kg) 0.482 | 0.518
weight of container + sand (kg) 18.480 | 18.908
weight of sand (kg) 17.998 | 18.39
volume of containner (L.) 11.480 | 11.730
S.D. 0.177




13199 N-15 Rod unit weight Calibration of container by WATER (ﬂiﬁﬁ 2)

Calibration of container by WATER
container No. SY28 SY29
Temperrature of water (°C)
29 29
density of water (t/m”3) 0.99595 | 0.99595
weight of container (kg) 0.482 0.518
weight of container + water (kg) 15.427 | 15.799
weight of glass (kg) 3.697 3.697
weight of water (kg) 11.248 | 11.584
volume of containner (L.) 11.294 | 11.631
S.D. 0.239
A3197 N-16 NANITNAFAL Rod unit weight (ﬂ%’dﬁ 2)
w. of
w. of density density
Sleeper | container container
Bridge container by sand | by water
No. No. + Ballast AVG
(kg) (KN/m”3) | (kN/m”3)
(kg) Water
#10 SY29 0.518 18.402 14.96 15.08 15.08
#43 SY28 0.482 17.749 14.76 15.00 15.00
STEEL
#63 SY29 0.518 18.234 14.82 14.94 14.94
#17 SY28 0.482 17.746 14.75 15.00 15.00




[
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A13199 N-17 WANINAFaU Field density (A3971 1)

Department of Civil Engineering, Burapha University Field Density Test - Sand Cone Method
ASTM D 1556-82

Client Name: Project: Project SRT Double Track
Soil Origin: Location of Project: Section 1 km 65 — Chachoengsao
Description of Soil: Ballast Date: 12/22/2560
FIELD DENSITY TEST CONE CALIBRATION
Station 1BS00405 | 1BS04004 | IBS06605 | IBS08004 | IBS11604 Weight of sand in cone and base plate No. 5
Initial weight of jar + sand, W, (g) 8687.00 | 8633.70 | 8096.40 | 8134.40 | 8388.30 Initial weight of jar + sand, W, (g) 9101.6 7037.9 4919.5
Final weight of jar + sand, W, (g) 4053.80 | 4014.90 | 2201.80 | 2955.70 | 2780.20 Final weight of jar +sand, W, (g) 7037.9 4919.5 28189
Total wt. of sand used, Wy =W, - W, (g) 463320 | 4618.80 | 5894.60 | 5178.70 | 5608.10 Weight of sand in cone, W, = W, - W, () 2063.7 21184 2100.6
Weight of wet soil + container (g) 3854.60 | 3922.80 | 6336.70 | 3927.60 | 5257.30 Average W, (g) 2094.2
Weight of container (g) 0.00 0.00 0.00 0.00 0.00
Weight of wet soil, W (g) 3854.60 | 3922.80 | 6336.70 | 3927.60 | 5257.30 SAND DENSITY
Weight of sand in hole, W, =W, - W_ (g) 2538.97 | 2510.60 | 3800.37 | 3070.50 | 3499.90 Weight of mold, W, (g) 7236.8 7236.6 7236.8
Volume of tested hole (cm’) 1619.85 | 1601.75 | 2424.62 | 1958.97 | 2232.92 Weight of sand + mold, W (g) 123346 | 123047 | 124594
Wet unit weight (kN/mJ) 21.01 23.30 24.87 14.75 17.32 Weight of sand, W, ;= Ws- W, (g) 5097.8 5068.1 5222.6
Dry unit weight (kN/m') 20.97 23.26 24.81 14.73 17.29 Volume of mold, V,, (cm’) 2726 | 32726 | 32726
Max dry unit wt. (Std. Rodded unit wt.) (kN/ms) 15.42 15.22 15.10 15.05 15.50 Unit weight of sand, g, (KN/m) 15.28 15.19 15.66
% of max dry unit weight (%) 136.02 152.83 164.30 97.86 111.53 Average g4 (kN/lnl) 15.38
WATER CONTENT Technician:
Container number 1BS00405 | IBS04004 | IBS06605 | IBS08004 | IBS11604
Weight of container (g) 143.89 146.80 14820 151.80 150.72
Weight of wet soil + container (g) 399849 | 4069.60 | 6484.90 | 4079.40 | 5408.00
Weight of dry soil + container (g) 3991.90 | 406230 | 6469.80 | 4073.20 | 5397.10 Geotechnical Engineer
Water content (%) 0.17 0.19 0.24 0.16 021




[
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A13199 N-17 HAN1INAFaL Field density (AT 2)

Department of Civil Engineering, Burapha University Field Density Test - Sand Cone Method
ASTM D 1556-82

Client Name: Project: Project SRT Double Track
Soil Origin: Location of Project: Section 1 km 65 — Chachoengsao
Description of Soil: Ballast Date: 3/30/2561
FIELD DENSITY TEST CONE CALIBRATION
Station TBS11004 | TBS14305 [TBS16304 | TBS17705 ‘Weight of sand in cone and base plate No. 4
Initial weight of jar + sand, W, (g) 8183.10 | 8510.90 | 8498.00 | 8451.30 Initial weight of jar + sand, W; (g) 8956.7 6847.5 4750.7
Final weight of jar + sand, W, (g) 3057.80 | 2602.20 | 2597.80 | 2633.20 Final weight of jar + sand, W, (g) 6847.5 4750.7 2632.2
Total wt. of sand used, Wy =W, - W, (2) 5125.30 5908.70 5900.20 | 5818.10 Weight of sand in cone, W, =W, - W, (g) 2109.2 2096.8 21185
Weight of wet soil + container (g) 2560.10 | 4046.80 | 4130.10 | 4680.60 Average W (g) 2108.2
Weight of container (g) 10.00 10.00 10.00 10.00
Weight of wet soil, W, (g) 2550.10 | 4036.80 | 4120.10 | 4670.60 ‘Weight of sand in cone and base plate No. 5
Weight of sand in hole, W, =W, - W_ (g) 3017.13 | 3814.47 | 3792.03 | 3723.87 Initial weight of jar + sand, W; (g) 9101.6 7037.9 4919.5
Volume of tested hole (mS) 0.00192 | 0.00243 | 0.00242 | 0.00238 Final weight of jar + sand, W, (g) 7037.9 4919.5 2818.9
Wet unit weight (kN/m’) 13.00 16.27 16.71 19.29 Weight of sand in cone, W, =W, - W, (g) 2063.7 20184 2100.6
Dry unit weight (kN/ms) 12.96 16.23 16.64 19.22 Average W, (g) 2094.2
Max dry unit wt. (Std. Rodded unit wt.) (kN/ml) 15.08 15.00 14.94 15.00
% of max dry unit weight (%) 85.97 108.20 111.39 128.15 SAND DENSITY
Std. Rodded unit wt. (kN/m3) ﬂ%ﬂ‘ﬁo 15.19 15.39 15.24 15.20 Weight of mold, W, (g) 7236.8 7236.6 7236.8
WATER CONTENT Weight of sand + mold, Wy (g) 12334.6 12304.7 12459.4
Container number TBS11004| TBS14305 | TBS16304 | TBS17705 Weight of sand, W, = W - W, (g) 50978 | 50681 | 52226
Weight of container (g) 159.83 150.30 155.80 152.47 Volume of mold, V/, (em’) 32726 3272.6 32726
Weight of wet soil + container (g) 2709.93 | 4187.10 | 4275.90 | 4823.07 Unit weight of sand, g, (kN/m) 15.28 15.19 15.66
Weight of dry soil + container (g) 2703.70 | 4176.40 | 4259.80 | 4807.90 Average g (kN/m1) 15.38
Water content (%) 0.24 0.27 0.39 0.33




Aanwan (3dnn)



MILAUAIBENIRWITENS (Ballast)
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FURINTINLAINIINAFL Sand cone method (ASTM1556)

Eﬂ“ﬁl 9-2 FUWRUINIAVAINIINAFEL Sand cone method (ASTM1556)
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9



NNIAAGY Settlement plate

Eﬂﬁ 9-5 NNIAAAI Settlement plate



e N13AA69 Extensometer

gﬂﬁ 9-6 NN3GAAI Extensometer
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