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Abstract

Evaluation of crumb rubber in mitigating fatigue cracks in bridge deck slabs due to heavy
truck traffic was conducted. Full-scale models of concrete deck slab with the crumb rubber
replacement of sand 25% by volume were tested under both static and cyclic loadings and
compared with the normal ones. Adding crumb rubber in the concrete mixing reduces the
concrete strength which results in a drop of failure load (static strength) of the deck slab.
However, the dropped failure load is still well above the maximum design wheel load; and
causes no concern about the load carrying capacity. The benefit of adding crumb rubber in the
concrete mixing is the ductility gained which results in better performance of the deck slab
under cyclic loads (fatigue strength). The crumb rubber deck slab can substantially mitigate
truck-induced fatigue cracks. Fatigue curves were developed; and in combination with Finite-
element models and code recommendations, the recommended thicknesses of the crumb

rubber deck slab for practical ranges of girder spacing were proposed.
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Executive Summary

A typical bridge comprises typical elements such as deck slab, girder, pier, and footing
functioning together in resisting traffic loads. Due its direct contact to traffic loads, deck slab is

the element that is most vulnerable to damage.

Truck-induced fatigue crack is the typical damage of the deck slab. Basically, fatigue
strength of a structure is increased with an increasing in its static strength. Therefore, in
mitigating the fatigue cracks of the deck slab, its static strength has to be increased. This is
typically done by increasing slab thickness or reducing girder spacing. However, both remedies
have two drawbacks. First, increasing slab thickness or reducing girder spacing causes an
unnecessary increased in static strength of the deck slab; since due to the effect of membrane
action inherent in the slab-on-girder system, the static strength of the deck slab is already
increased well above the maximum design wheel load. Second, increasing slab thickness or
reducing girder spacing puts more dead weight to the structure; results in unnecessary higher
construction cost of a bridge as a whole. More appropriate method in increasing fatigue
strength of the deck slab is required. This can be accomplished by direct enhanced fatigue
strength of the deck slab i.e., replacement of sand with crumb rubber 25% by volume in this
study. This mix proportion is used as recommended by previous research in China in increasing

fatigue strength of normal concrete by utilizing crumb rubber replacement of sand.

Evaluation of crumb rubber in mitigating truck-induced fatigue cracks in the deck slabs
was conducted. Full-scale models of concrete deck slab with the crumb rubber replacement of
sand 25% by volume were tested under both static and cyclic loadings and compared with the
normal ones. Adding crumb rubber in the concrete mixing reduces the concrete strength which
results in a drop of failure load (static strength) of the deck slab. However, the dropped failure
load is still well above the maximum design wheel load; and causes no concern about the load
carrying capacity. The benefit of adding crumb rubber in the concrete mixing is the ductility
gained which results in better performance of the deck slab under cyclic loads (fatigue

strength). The crumb rubber deck slab can substantially mitigate truck-induced fatigue cracks.
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Fatigue curves were developed; and in combination with Finite-element models and code
recommendations, the recommended thicknesses of the crumb rubber deck slab (concrete
compressive strength of 300 kg/cm? or 30 MPa) for practical ranges of girder spacing were
analyzed. The analyses showed the potential of utilizing crumb rubber concrete for deck slab
construction. For example, in the case of girder spacing of 2.00 m, the required minimum
thickness of the crumb rubber concrete deck slab is 0.17 m as compared with 0.22 m for the
normal concrete deck slab; and for the same thickness of 0.20 m, the maximum possible girder
spacing when utilizing crumb rubber concrete deck slab can be extended to 2.35 m while for

the normal one the maximum possible girder spacing is only 1.79 m.

Crumb rubber is an inexpensive locally available material (17 Baht / kg). The proportion
of 25% by volume of sand causes no difficulty in the mixing process. Crumb rubber concrete
explicitly enhances fatigue strength of the deck slab. Implicitly, crumb rubber concrete deck slab
can reduce bridge construction cost due to its lower minimum required thickness or its greater
maximum possible girder spacing. Additionally, utilizing crumb rubber promotes the reduction of

toxic waste. It is therefore recommended as construction material for DOH deck slab.
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No. of Test Crumb Rubber Compressive Strength
Specimens Specimens (percent by volume) (ksc)
1 NC 0% 321
2 NC 0% 318
3 NC 0% 308
4 FCR 25% 188
5 FCR 25% 185
6 FCR 25% 187
7 CCR 25% 243
8 CCR 25% 237
9 CCR 25% 247

snuanisnagavazinlainieltasunianauessnoudiniuaazifsaruia 2-3
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LANUARZLEaUUIA 0.840 - 0.425 UadLuaY (Fine Crumb Rubber, FCR) @Twmqﬁ%‘uﬁaﬂw
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RNz aunUN I 1U17959 Tauuazi8ga s nNaNAawNIANIAUIZFULEAIAINITINN 2-2

2-2 USEN TNLea 31Na
CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

ltaannSaNaNe1ITnLALANUARZLA DA

TLNUTUFAY (Final Report)

AN 2-2 FIRHANADWNIA

Material (kg/m3)

Concrete (CRC)

Fine Coarse Coarse
Test Specimens Water Fine Crumb
Cement aggregate aggregate Crumb
Rubber
Rubber
Normal
457 599 1303 286 - -
concrete (NC)
Crumb Rubber
457 450 1303 286 - 42
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wazintayaf ldundariiudunaaInuFunusznitinuduLazAuATEa (Stress-Strain

Curve) L&AIaI3LN 2-4
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2. qﬂﬂsmmnmmwmm@m Uluimaasn

3. qﬂmrﬁém%’mﬁmmmwﬁaga (Data Logger)
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2.2.2 MSNAAAUAIDLNIADWNIA

12 '
=

F2WINNANINRTIINWAAWNIALUNITLAUAIALNIAAUNTALN DN N INARAUTRITULIIAG

(Compressive Strength) N1833U WIIFIINNMNING (Splitting Tensile Strength) LLa:ﬂ’uﬁmTanﬁa
msiaszi

2.2.2.1 MINAROUNNAITULIINA (Compressive Strength)

A lalasinaannIaN laaNNITAaFTIINWRZNIBINRDING 16 LEWANY NIINIINaFaL

ANRITLLIIOA (Compressive Strength ksc) LEAIAIAITINN 2-3

311 2-5 M INAFBUANRITUUTION(Compressive Strength)
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M mmmguq@ﬁw (Final Report) TfnaunIANANEITRLUALANLARZLE LA
A3197 2-3 1UABIANTNARDUAIRITUNIIBA (Compressive Strength)
No. of Specimen Specimen Compressive Strength (ksc)
1 ST-NC20-1 332
2 ST-NC20-2 335
3 ST-NC20-3 330
4 ST-CRC20-1 281
5 ST-CRC20-2 279
6 ST-CRC20-3 284
7 ST-NC15-1 321
8 ST-NC15-2 325
9 ST-NC15-3 311
10 ST-CRC15-1 280
11 ST-CRC15-2 271
12 ST-CRC15-3 283
13 FT-NC20-1 333
14 FT-NC20-2 342
15 FT-NC20-3 329
16 FT-CRC20-1 275
17 FT-CRC20-2 272
18 FT-CRC20-3 282
19 FT-NC15-1 338
20 FT-NC15-2 328
21 FT-NC15-3 334
22 FT-CRC15-1 269
23 FT-CRC15-2 299
24 FT-CRC15-3 250
2-6 UIHN TNLaa 31N
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2.2.2.2 HaITULIIAIINNNNTNG (Splitting Tensile Strength)

Mlalagaataanal1at1InannIaN laaNNIINa g IINUFZNIWINEAING 8 LHUNL N1¥in

MINAROUMNAITULIIAIINNNTING (Splitting Tensile Strength ,ksc) UWERAIAIAIINN 2-4

3111 2-6 N1INAFBUNNAITUUIIAIIINNIING (Splitting Tensile Strength)

A13191 2-4 518821 YANITNAFAUNIRITULIIAIIINNINA (Splitting Tensile Strength)

No. of Specimen Specimen Tensile Strength (ksc)
1 ST-NC20-1 32
2 ST-CRC20-1 29
3 ST-NC15-1 30
4 ST-CRC15-1 28
5 FT-NC20-1 33
6 FT-CRC20-1 21
7 FT-NC15-1 29
8 FT-CRC15-1 24

USHN TNaa 3106
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A3 2-5 F1YATLDYANIINAFAUNIAITULIIVDINBALN N

No. of Test Thickness Crumb Rubber Types of
Description

Specimens Specimens (m) (percent by volume) testing
1 ST-NC20-1 0.20 NC - Static

2 ST-NC20-2 0.20 NC - Static

3 ST-NC20-3 0.20 NC - Static

4 ST-CRC20-1 0.20 CRC 25% Static

5 ST-CRC20-2 0.20 CRC 25% Static

6 ST-CRC20-3 0.20 CRC 25% Static

7 ST-NC15-1 0.15 NC - Static

8 ST-NC15-2 0.15 NC - Static

9 ST-NC15-3 0.15 NC - Static
10 ST-CRC15-1 0.15 CRC 25% Static
11 ST-CRC15-2 0.15 CRC 25% Static
12 ST-CRC15-3 0.15 CRC 25% Static
13 FT-NC20-1 0.20 NC - Cyclic
14 FT-NC20-2 0.20 NC - Cyclic
15 FT-NC20-3 0.20 NC - Cyclic
16 FT-CRC20-1 0.20 CRC 25% Cyclic
17 FT-CRC20-2 0.20 CRC 25% Cyclic
18 FT-CRC20-3 0.20 CRC 25% Cyclic
19 FT-NC15-1 0.15 NC - Cyclic
20 FT-NC15-2 0.15 NC - Cyclic
21 FT-NC15-3 0.15 NC - Cyclic
22 FT-CRC15-1 0.15 CRC 25% Cyclic
23 FT-CRC15-2 0.15 CRC 25% Cyclic
24 FT-CRC15-3 0.15 CRC 25% Cyclic

2-8 UIEN TnLas $1na
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2. MNYAABIANMINDFITWNWAZNIUIIRBILAT 1 (ANAK 0.20 LHA)
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317 2-11 nMse3aaiiuiinlzlwnnnesey

A3 WN 2-6 FINNANADWNIA

Material (kg/m?3)
Cement Fine Coarse Water Fine Crumb Coarse
Test Specimens
aggregate aggregate Rubber Crumb
Rubber
Normal concrete
457 599 1303 286 - -
(NC)
Crumb Rubber
457 4 1 2 - 42
Concrete (CRC) S S0 303 86
UIEN FNLaa $1na 2-11
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Material (kg/m?3)

Test Cement Fine Coarse Water Fine Crumb Coarse
Specimens aggregate aggregate Rubber Crumb
Rubber
Normal
457 599 1303 165 - -

concrete (NC)

Crumb Rubber

Concrete 457 450 1303 165 - 42
(CRC)
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A131971 3-1 ManBYANINARDUMSITULTIVDINUEENY
No. of Test Thickness Crumb Rubber Types of
Description
Specimens Specimens (m) (percent by volume) testing
1 ST-NC20-1 0.20 NC - Static
2 ST-NC20-2 0.20 NC - Static
3 ST-NC20-3 0.20 NC - Static
4 ST-CRC20-1 0.20 CRC 25% Static
5 ST-CRC20-2 0.20 CRC 25% Static
6 ST-CRC20-3 0.20 CRC 25% Static
7 ST-NC15-1 0.15 NC - Static
8 ST-NC15-2 0.15 NC - Static
9 ST-NC15-3 0.15 NC - Static
10 ST-CRC15-1 0.15 CRC 25% Static
11 ST-CRC15-2 0.15 CRC 25% Static
12 ST-CRC15-3 0.15 CRC 25% Static
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3.2.2 Strain Gates
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3171 3-3 gilnIninIrinaaA3Ea (Strain Gauge)
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lfnaunSansNe1ITnauGLIANUARZLA LA

P o 1 a <& 6 (%
MN13719N 3-2 ALK WINTITAN G qﬂnsmm‘nmm

Location
Sensors Type of sensor Installation details
(From Left Corner)
SGO01 Strain gauge 3L/8 Bottom Longitudinal Concrete
SGO02 Strain gauge L/2 Bottom Longitudinal Concrete
SG03 Strain gauge L/2 Bottom Longitudinal Concrete
SG04 Strain gauge 5L/8 Bottom Longitudinal Concrete
SG05 Strain gauge 3L/8 Top Longitudinal Concrete
SG06 Strain gauge 3L/8 Top Longitudinal Concrete
SG07 Strain gauge 5L/8 Top Longitudinal Concrete
SG08 Strain gauge 5L/8 Top Longitudinal Concrete
SG09 Strain gauge 3L/8 Bottom Longitudinal steel bars
SG10 Strain gauge 3L/8 Bottom Longitudinal steel bars
SG11 Strain gauge L/2 Bottom Longitudinal steel bars
SG12 Strain gauge L/2 Bottom Longitudinal steel bars
SG13 Strain gauge 5L/8 Bottom Longitudinal steel bars
SG14 Strain gauge 5L/8 Bottom Longitudinal steel bars
SG15 Strain gauge 3L/8 Top Longitudinal steel bars
SG16 Strain gauge 3L/8 Top Longitudinal steel bars
SG17 Strain gauge L/2 Top Longitudinal steel bars
SG18 Strain gauge L/2 Top Longitudinal steel bars
SG19 Strain gauge 5L/8 Top Longitudinal steel bars
SG20 Strain gauge 5L/8 Top Longitudinal steel bars
LVDTO1 Transducer L/4 Outside Concrete Deck
LVDTO2 Transducer L/4 Outside Concrete Deck
LVDTO03 Transducer L/2 Outside Concrete Deck
LVDTO04 Transducer L/2 Outside Concrete Deck
LVDTO05 Transducer 3L/4 Outside Concrete Deck
LVDTO06 Transducer 3L/4 Outside Concrete Deck
3-20 UIEN TnLas $1na
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Load 0.00 Tons Load 2.15 Tons
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Load 8.06 Tons

Load 12.02 Tons

Load 16.09 Tons

Load 20.01 Tons

Load 10.09 Tons

Load 14.14 Tons

Load 18.06 Tons

Load 22.04 Tons
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Load 24.07 Tons Load 26.02 Tons
Load 28.07 Tons Load 30.02 Tons
Load 32.05 Tons Load 34.08 Tons
Load 36.01 Tons Load 38.00 Tons
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Load 40.09 Tons

Load 44.05 Tons

Load 48.01 Tons

Load 52.03 Tons

Load 42.00 Tons

Load 46.02 Tons

Load 50.31 Tons

Load 53.84 Tons
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Load 56.42 Tons
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4.1.5 NINAFDUNBALNIBI189ZAN 1 NDFTAWABWNIAUNG WD 3 (ST-

NC20-3)

311 4-17 MINAFBUAIAITUUIIVBINWBAENIBI1a DI (ST-NC20-3)

Load 0.00 Tons Load 5.10 Tons
Load 10.03 Tons Load 12.03 Tons
USEN TnLas 31na 4-53

CITADEL CO., LTD.



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

N mmmguq@ﬁw (Final Report) TfnaunIANANEITRLUALANLARZLE LA
Load 15.10 Tons Load 20.02 Tons
Load 24.06 Tons Load 30.11 Tons
Load 35.12 Tons Load 40.01 Tons
Load 45.03 Tons Load 50.02 Tons
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Load 54.08 Tons
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Load 0.00 Tons Load 2.34 Tons
Load 4.04 Tons Load 6.24 Tons
4-60 UM Tnaa 3na

CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA TLNUTUFAY (Final Report)

Load 8.08 Tons

Load 12.06 Tons

Load 16.00 Tons

Load 20.07 Tons

Load 10.05 Tons

Load 14.03 Tons

Load 18.04 Tons

Load 24.03 Tons
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Load 28.04 Tons Load 30.00 Tons
Load 32.03 Tons Load 34.02 Tons
Load 36.05 Tons Load 38.02 Tons
Load 40.05 Tons Load 42.02 Tons
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Load 44.00 Tons Load 49.46 Tons

317 4-26 s1pazilBaamsuaninIvasinaznIud1aag (ST-CRC20-1)

USHN TNaa 3106 4-63
CITADEL CO., LTD.



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

& o . o a & a
iqﬂﬂqumuq@ﬂqﬂ (Final Report) I%ﬂa%ﬂiﬂwﬁuﬂqﬂjﬂElu@]Lﬂ']U@azLﬂﬂ@

‘g ) { 1 6
41.8 Naﬂ'ﬁ‘nﬂaauﬁ%azwl%ﬁnaad"qm‘ﬁ 1 ﬂﬂﬁ%’l\?ﬁ?ﬂﬂﬂ%ﬂ%@lﬂﬁ&lEl'l\'i'iﬂﬂ%m

LNNUANZLDYA WA 1 (ST-CRC20-1)

NNNMINAROUFUN 4-27 WudwgAnIsuvasununningas iWalsudusadnnssingunwi
° % ] % ¥ ] o X v ' !
REWIUIIRITZALNITUBWAIVBINUATINAIFTNIBTANANDY waasliirnninlugrausnazidu
LEWATY LaztUalAanN1TuANI IV IUABABNTZAVUIINAUTZNIDE 14.03 A% ANUTUYD
ANUFUAUTAINATLTUAARILANTRY uazAuazWIudtaeIdgaaTnadiusanszyinyszanm
(Y ] a L A A a o A A A a
30.00 @ uazAMIFeIUagNdszanm 7.75 dafiwas lapszaudmanfogdddigiganuiiom
naWAUAEAL (16.22 Fafiuas) uazddusinvhgegafusiuiuildodn 40.46 au uazldnga

MINAFAVAI LHaI9NAITATINAVAILH BN I IRBIAIRTUNINARDL

P Y o o 6 1 3‘ £ o 1 A a n%' a
E‘.IJ‘YI 4-27 La%uamm'mauwuﬁs:wmawmunnszmu,azmn'mﬁﬂgﬂﬂmmm%nsnm L/2

DINBHENIWI18 09 (ST-CRC20-1)

ﬁnnmi‘ﬂ@aaugﬂﬁ 4-28 wudﬂu‘*ﬁaaLLiﬂﬂaﬂué'uw”uﬁi:%dﬂaLLiaﬂmLa:miL?mgﬂmad

& a v o & a & A A . e £ v &

LNWANBRENIWLALTINIEHAMNFNA BTNV ULLLAIN TAIN1TLEWA N 9auTInaadlwiAmIn
& A ~ e X A o ° o . o

WHWANUBNTZEE /4 Gn13lA9629% LHadusInsey¥inyssunmh 14.03 a1 WUI1ANTHUA I
o o v 14 = v & , & e a v A a X A a

AMNFNNLT LatU R FILRAINALAWIT LNWNUAIBLWBAANITUANIINIAND Y LALUDLNNLT

o o { o (% [ X ' g a

ﬂi:mﬁaimugaﬁg@ﬁ 49.46 §% 98N NITVLILVUIALAZAANNATIININD Y LAZLHWN LN

ﬂ']ﬂﬁd@T’J"L@Tgoq@ﬁswz 4.49 TaRINAT

4-64 UM Tnaa 3na
CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA TLNUTUFAY (Final Report)

H Y %) 6 ] g’ % o [ a ¥ a
z‘ﬂ‘ﬁ 4-28 Li?{%!,!,ﬁﬂ\‘lﬂ'J']NﬁNW%S‘J&‘W'J"I\‘]%'Wi%ﬂﬂizﬂ']l,l,azﬂ']ﬂ'ﬁ!,aﬂzﬂﬁLﬂﬂﬁ%ﬂinm L/4

2INWHLNIWI18 D9 (ST-CRC20-1)

ﬁ)’mmi‘n@aaugﬂﬁ 4-29 WU UFIIUINAMMURUNBTIZRINIBIREANTEALAS
{ =) ; { ¥ a U 1 = = v 1 1
ANULATYANLAATUANBRAIADWNTAG AL ALITINAL T A VTN U TLU UL UATILAZNLINAN

a a A/ ci ] %
ANULATLAFIRALAAIUA SGO1 ,SG02 ,SGO3 WAzSGO4 LNl 59, 431,80 UAZ 49 lalasigasn
ANAAL

q' % ¥ [ 6 1 c’f % o 1 = q' a .3‘ a
E‘iJ‘YI 4-29 LAWLLAAIAIMNANNWDIETH I IURNNIENILALATAIMNLATIANLNAY WU ILITW

NWHIADWNIAA WAV DINWHLNIWINADY (ST-CRC20-1)

ﬁnnmi‘ﬂ@aaugﬂﬁ 4-30 WU I WTFIUINAMUFUNWTIZA I RINLAZANULAT AN

a &£ a ¥ A @ o o ) ! ! o
Lﬂ@T%UiL’JmﬁuN’mauﬂsmmuuui@Uidwﬁlzﬁﬂ’nwauwuﬂwuLau@ﬁﬂLLﬂzWUﬁ’]Lﬁ@ﬁLLNﬂ‘JWﬂ

USHN TNaa 3106
CITADEL CO., LTD.

4-65



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

& o . o a & a
iqﬂﬂqumuq@ﬂqﬂ (Final Report) I%ﬂa%ﬂiﬂwﬁuﬂqﬂjﬂElu@]Lﬂ']U@azLﬂﬂ@

U230k 14.03 61 LHWNBIWLWAATIULANIIY FILNG HANANUTUYDILFULFAIANNTUNUS

v { 1 1 =) &/ i [} Qs
Toatdaawll LLazwmﬂmmmLﬂ%’mgqq@mmuﬁ SG05 ,SG06 ,SG07 WazSG0s Lvinnu 170 ,65
400 WAZ 1176 LulATLEATH AUEIAL

P Y o o ¢ 1 g’ £ o 1 = A a d‘y a
EiJ‘Yl 4-30 LEWLLAEAIAIMNANNWDITHINWNWBWIURNNIENILALATAINLATLANLNAY WU ILITW

NWEIADWNIAA WAV DINWELNIWINADY (ST-CRC20-1)

mﬂmsmaaugﬂ'ﬁ 4-31 WU IHT9UINAN TN RBETER TSR LATANULASHAT
Aedulmraniasudiuansa o1 las TN ia U N BELUDIERATI LATWLIN6N
mmm%‘muﬁﬁwaamﬁﬂLa%ugdﬁgmﬁ@ﬁuﬁ SG09 ,SG10 ,SG11 ,SG12 ,SG13 LazSG14
WiNAL 156 ,77 ,1928 ,1907 ,40 WAz 254 MWIATRATH ATNAIGL

q' [ ¥ [ 6 1 3’ % o 1 = q' a .:? a
;sﬂ‘n 4-31 LEBLAAIAINANNBD TEHIWIWBIUBNNTIENILASATAINLATIANLNAYD WU ILID

¢ a < a 1 g o
NWRIURANLEINATBAIVDINWBHLN1WI1a 09 (ST-CRC20-1)

4-66 USEN TNLea 31Na

CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA TLNUTUFAY (Final Report)

ﬁnﬂmimaaugﬂ‘ﬁ' 4-32 WU IUTIIUINANUFURBETER TSI TN LAz ARG AT
Aaduluniniasuduuuainuwi g lagsuasdan uFuRRELUULEWATI LAZWUF6
m’mm%mLLiaﬁwaamﬁma%wgaqmﬁﬂﬁuﬁ SG15 ,5G16 ,SG17 ,SG18 ,SG19 LazSG20
WiNAL 996 ,995 ,517 ,594 498 Laz 881 lulATLaATH ANAIGL

~ o o o ¢ ' & ) ° ' P Aa £ a
E‘.IJ‘Y] 4-32 LAWULAAIAINMNANNWBIIZHITIWIRUNNITNILALATAIMNLATLANLNAY WU ILIT

ABRIUNANLETNAIBU WL DINBAZNIHIA S (ST-CRC20-1)

USHN TNaa 3106 4-67
CITADEL CO., LTD.



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

& o . o a & a
iqﬂﬂqumuq@ﬂqﬂ (Final Report) I%ﬂa%ﬂiﬂwﬁuﬂqﬂjﬂElu@]Lﬂ']U@azLﬂﬂ@

]
~ 1

g o ¢ 1
41.9 ﬂ’liﬂﬂﬁaﬁﬁ%KZW’l%ﬁl’laBGQGlﬂ 1 ﬂﬂﬁ%’lx‘iﬁ’)Hﬂa%ﬂ%ﬂﬂﬁ&lﬂ’l\‘ﬁﬂﬂ%ﬂm’l

UANZLDYA WHWN 2 (ST-CRC20-2)

31 4-33 MINAFBUAAITUUITIVDINWAENIWI1 DI (ST-CRC20-2)

Load 0.00 Tons Load 2.02 Tons
Load 4.07 Tons Load 6.01 Tons
4-68 UM Tnaa 3na

CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA TLNUTUFAY (Final Report)

Load 8.12 Tons

Load 12.06 Tons

Load 16.20 Tons

Load 20.01 Tons

Load 10.03 Tons

Load 14.02 Tons

Load 18.12 Tons

Load 22.05 Tons

USHN TNaa 3106
CITADEL CO., LTD.

4-69



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

N mmmguq@ﬁw (Final Report) TfnaunIANANEITRLUALANLARZLE LA
Load 24.10 Tons Load 26.03 Tons
Load 28.00 Tons Load 30.14 Tons
Load 32.02 Tons Load 34.07 Tons
Load 36.01 Tons Load 38.13 Tons
4-70 UIEN TnLas $1na

CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA TLNUTUFAY (Final Report)

Load 40.21 Tons Load 42.01 Tons

Load 43.16 Tons

35U 4-34 5198218 IANITUANTINVDINBELNIWINADY (ST-CRC20-2)

u

USHN TNaa 3106 4-71
CITADEL CO., LTD.



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

& o . o a & a
iqﬂﬂqumuq@ﬂqﬂ (Final Report) I%ﬂa%ﬂiﬂwﬁuﬂqﬂjﬂElu@]Lﬂ']U@azLﬂﬂ@

& ) 4 1 4
4.1.10 Nan’ﬁﬂﬂﬁauﬁ%azwmﬁnaad‘zmﬁ 1 ﬂﬂﬁ%’l\‘ié’f’)ﬂﬂa%ﬂ‘%ﬁﬂﬁ&lﬂ'\ﬂiﬂﬂ%m

LNNUANZLBYA WA 2 (ST-CRC20-2)

mﬂmimaaugﬂﬁ' 4-35 wudwwqanﬁmjaqLLNuﬁ”uﬁwaao LfiaLéuﬁLLsaLﬁWﬂs:ﬁﬂ@jmuﬁu
FENIUIIRBITEAUNTUEUAIVBIRNUATINA TR AR waasliiFiwinlugasusnazin
LEUATI Uzl oLAANITLAN IV ILHUWARATEAULTINALTZNN DL 14.02 % AITNTHVD
ANUFUNHTAINEN9 5 uaAaILaNT B LLa:ﬁyua:wma‘haaaﬁq@mwnagﬁmaﬂszﬁwﬂi:mm
22.31 G LLa:@hmiLﬁmgﬂagﬁﬂi:mm 6.35 NRALUAT I@m:@”u@i']ﬂ’ﬁlﬁﬂgﬂﬁ@hgaq@ﬁu‘i’;m
NAIRHIE WU (14.54 UafLUAT) LLazﬁ@hLLioﬂizﬁwgaq@ﬁuﬂuﬁuﬁ%‘f@gJJ"ﬁ' 43.16 6% LLanL@T‘mq@

MINAFAVAI LHaINNAITATINAVAILHUN I IRAIEIRTUNTNARDL

d' v % %) 6 1 3‘ > o 1 n:' a n%' a
31 4-35 Lammmm'lNauwuﬁszwnawmunns:mu,axmn'mﬁﬂgﬂ‘nmmm%usnm L/2
DINBHENIWI1809 (ST-CRC20-2)
ﬁ)’mm?nmaugﬂﬁ 4-36 wudﬂu‘*ﬁaaLLinmmé'uw”uﬁ{iT:MNLLiaﬂmLazmiLﬁagﬂmaa
& a v o & a & A A . e £ v &
LNWNBRZ NI LALTINAZ TN FUNBTLAND WU UAIN FAINITLEWA LN1IRUTILFAI IRLARIN
& A ~ e X A A ° o . o
WHWANUBNTZEE /4 Gn13lAa29% tHadusinseindssunm 14.02 6% WU TUUa
o o v 1A £ v & & e a v A a X A a
ANUFUNWT LAt Rew b FILgaIlAARIN LHWANRAWLWAANITUANT LA LYY WAL ALNNLT
o o d s [ [% & il g a
mzmﬁaimugaq@ﬁ 43.16 9% J0UTIUNTVILVUIALAEAANNNININTYY haZwEHUN LN

ﬂ']ﬂﬁd@T’J"L@Tgoq@ﬁs:ﬂz 2.68 UaRLUAT

4-72 USEN TNLea 31Na
CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA TLNUTUFAY (Final Report)

H Y %) 6 ] g’ % o [ a ¥ a
z‘ﬂ‘ﬁ 4-36 Li?{%!,!,ﬁﬂ\‘lﬂ'J']NﬁNW%S‘J&‘W'J"I\‘]%'Wi%ﬂﬂizﬂ']l,l,azﬂ']ﬂ'ﬁ!,aﬂzﬂﬁLﬂﬂﬁ%ﬂinm L/4

2INWHLNIWHI18 09 (ST-CRC20-2)

ﬁ)’mmi‘n@aaugﬂﬁ 4-37 WU HBIIUINAMURUNBTIZHINIBIRLANTE LA
{ a z { ¥ =) U 1 = Q v 1 1
ANULATYANLAATUANBRIABWNTAG WA L ALTINAL DA UTUNUTLU UL UATILAZWLINA

a a t&l ci ] >
AMULAILAFIFALAATNA SGO1 ,SG02 ,SG03 LATSG04 LAY 276 ,132 ,129 Az 187 1ulay
LAY ANEIAL

q' % ¥ [ 6 1 c’f % o 1 = q' a .3‘ a
E‘iJ‘YI 4-37 LAWLAAIAIMNANNWD IETH I IURNNIENILALATAINLATLIANLNAY WU ILITW

NWHIADWNIAA WAV DINWHLNIWINADY (ST-CRC20-2)

ﬁnnmi‘ﬂ@aaugﬂﬁ 4-38 WU I WTFIUINAMUFU W W IR IR BNLAZANNLASHAN

a &£ a ¥ A Y v o ) . 4 o
Lﬂ@"ﬂ%uslﬂmﬁu“'ﬂﬂauﬂ%@]@quﬂuiﬂﬂijN%zﬁﬂjqwaNWH'ELLUULau@]j\‘]LLazWU'J']LﬁaﬁLLsﬂﬂizﬂ’]

USHN TNaa 3106
CITADEL CO., LTD.

4-73



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

& o . o a & a
iqﬂﬂqumuq@ﬂqﬂ (Final Report) I%ﬂa%ﬂiﬂwﬁuﬂqﬂjﬂElu@]Lﬂ']U@azLﬂﬂ@

U230k 14.02 61 LHWNBIWLWAATIULANIIY FILNG HNANUTUYDILFULFAIANNTUN WS

£Z dl 1 1 = a n&’ n:i 1 Qs
ldiasuly uszwudrdranuieIsagigaiiadun SGO5 ,SG06 ,SGO7 UAzSGO8 iy 1977,
1833 .68 WAz 62 lulAIRATH ANNAIAU

P Y o o ¢ 1 g’ £ o 1 = A a d‘y a
EiJ‘Yl 4-38 LAWLLAAIAIMNANNWDITH I WBWIURRNNIENILALATAINLATLANLNAY WU ILITW

NRRIADWNIAA WU DINUEENIUINAaY (ST-CRC20-2)

mﬂmsmaaugﬂ'ﬁ 4-39 WU lUT9UINANUFURBETER TSR LATANULAS AT
Aedulmraniasudiuansa o1 las TN ia U N BELUDIERATI LATWLIN6N
mmm%‘mLnuﬁwaamﬁﬂLa%ugdqmﬁ@ﬁwﬁ' SG09 ,SG10 ,SG11 ,SG12 ,SG13 LazSG14
WiNAL 29 ,24 2282 ,2090 ,36 Laz 112 TulATiaaTH ANE1AL

q' [ ¥ [ 6 1 3’ % o 1 = q' a .:? a
;sﬂ‘n 4-39 LEWLLAAIAIMNANNBD IEHIWIWBIUBNNTIENILASATAINLATIANLNAYD WD UILIN

¢ a < a 1 g o
NWRIURANLEINATIBANIVDINWBHLNIWI1a 09 (ST-CRC20-2)

4-74 UM Tnaa 3na

CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA TLNUTUFAY (Final Report)

ﬁnﬂmimaaugﬂ‘ﬁ' 4-40 WU IUTIIUINANUFURBETER I EIM TN LEZANULAS AT
Aaduluniniasuduuuainuwi g lagsuasdan uFuRRELUULEWATI LAZWUF6
mmm%mLmﬁwaamﬁmaﬁwgoq@Lﬁ@]i{uﬁ SG15 ,5G16 ,SG17 ,SG18 ,SG19 LarSG20
WinAL 971,1001 ,694 ,555 ,1336 Waz 1199 lulasiaassh au&1aL

~ o o o ¢ ' & ) ° ' P Aa £ a
E‘.IJ‘Y] 4-40 LAWULAAIAINNFANNWIIZTH I IRUNNILNILALATAIMNLATLANLNAAWUILID

ABRINANLESNA WUV DINBAENIHIA DS (ST-CRC20-2)

USHN TNaa 3106 4-75
CITADEL CO., LTD.



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

& o . o a & a
iqﬂﬂqumuq@ﬂqﬂ (Final Report) I%ﬂa%ﬂiﬂwﬁuﬂqﬂjﬂElu@]Lﬂ']U@azLﬂﬂ@

‘g ) 4 1 4
41.11 ﬂ’liﬂﬂaaﬂﬁ%azwmﬁl’madqmﬁ 1 ﬂﬂﬁ%’lﬂﬁ?ﬂﬂﬂ%ﬂ%@]ﬂﬁ&lEl'l\'iiﬂﬂ%(ﬂ

{NUAazBYA WHWA 3 (ST-CRC20-3)

311 4-41 MINAFBUAAITUUIIVDINWEE NI DY (ST-CRC20-3)

Load 0.00 Tons Load 2.15 Tons
Load 4.14 Tons Load 6.09 Tons
4-76 UM Tnaa 3na

CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA TLNUTUFAY (Final Report)

Load 8.06 Tons

Load 12.02 Tons

Load 16.09 Tons

Load 20.01 Tons

Load 10.09 Tons

Load 14.14 Tons

Load 18.06 Tons

Load 22.04 Tons

USHN TNaa 3106
CITADEL CO., LTD.

4-77



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

N mmmguq@ﬁw (Final Report) TfnaunIANANEITRLUALANLARZLE LA
Load 24.07 Tons Load 26.02 Tons
Load 28.07 Tons Load 30.02 Tons
Load 32.05 Tons Load 34.08 Tons
Load 36.01 Tons Load 38.00 Tons
4-78 UIEN TnLas $1na

CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA iwmwguq@ﬁw (Final Report)
Load 40.09 Tons Load 42.00 Tons
Load 44.05 Tons Load 46.02 Tons
Load 48.01 Tons Load 50.77 Tons

311 4-42 18828 8ANTUANITIIVDINKFZNIWT 1A DI (ST-CRC20-3)

USHN TNaa 3106 4-79
CITADEL CO., LTD.



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag
& o . o a & a
iqﬂﬂqumuq@ﬂqﬂ (Final Report) I%ﬂa%ﬂiﬂwﬁuﬂqﬂjﬂElu@]Lﬂ']U@azLﬂﬂ@

& ) 4 1 4
4112 Nan’ﬁﬂﬂﬁauﬁ%azwmﬁnaad‘zmﬁ 1 ﬂﬂﬁ%’l\‘ié’f’)ﬂﬂa%ﬂ‘%ﬁﬂﬁ&lﬂ'\ﬂiﬂﬂ%m

{NUAazAYa WHWA 3 (ST-CRC20-3)

NNNMINARUFUN 4-43 WudwgdAnssuvaunuinitead ialsuiiusadinssyingurduim
° % ] % ¥ ] o X v ' !
REWIUIIRITZALNITUBWAIVBINUATINAIFTNIBTANANDY waasliirnninlugrausnazidu
LEWATY LazlU AN ITUANTIIVaIUHBABNTZALLIINAUITZNI 12.02 A% ATUTWY B4
ANUFUAUTAINATLTUAARILANERY uazAuazuInitaaIlannTInagNuTInszindszunm
(Y ] A A A A o A A A a
38.60 @ uazAMIFuIUagNszanm 7.45 dafiues lavszaudmanfogdddigiganuiiom
naWAUFENL (16.82 FafluaT) uazddusinvhgegausiuiuitldagn s0.77 au uazldnga

MINAFAVAI LHaINNAITATINAVAILHUN I IRAIEIRTUNTNARDL

d' [ % %) 6 1 3‘ > o 1 n:' a n%' a
311 4-43 I@RUAAIANNTNN RS TEU IR MRNN ST ILAzAIM SR8 JUNIRA AU LIOE L/2
DINBHENIWI18 D9 (ST-CRC20-3)
mﬂmimaaugﬂﬁ 4-4 wudﬂu"ﬁaaLLSﬂmma?(aJw”uﬁ(i:MNLLiaﬂ@LLa:miLﬁﬂgﬂmaaLLNu
& ~ v o & a X A a @ A v & . \
NIFZWIWLALTINIEHANMURNABTLANDWULLAIN  DAINITULEWA MN1IAUBILRAS LRLAU TN
g § ' o X { ° > ] % % L% [
NN Tzoz L4 9m3laeandn tiadusintsyindszanms 12.02 6 WUINANNTUUINUTUWWE L6
A £ v & . A e a v A a X A a o & %
Rk FILga A AR WHUANRAIRUWAANITLANTIINIANTY LazL TN ULIINTYIND 93zl
{ o o o & ' ¥ a . @ o
gaqcﬂﬁ 50.77 9% I085 ANV LAWIALATAANUNTIININUL LLa:Lquﬁ'um@mﬂmmvlmqaq@

N3z82 3.50 UAALNGT

4-80 USEN TNLea 31Na
CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA TLNUTUFAY (Final Report)

H Y %) 6 ] g’ % o [ a ¥ a
z‘ﬂ‘ﬁ 4-44 Li?{%!,!,ﬁﬂ\‘lﬂ'J']NﬁNW%S‘J&‘W'J"I\‘]%'Wi%ﬂﬂizﬂ']l,l,azﬂ']ﬂ'ﬁ!,aﬂzﬂﬁLﬂﬂﬁ%ﬂinm L/4

2DINWHLNIWHI18 09 (ST-CRC20-3)

ﬁnﬂmimaaugﬂﬁ 4-5 WU IUWFILINAMNFUN BT IEHINIR NN IZLaZANULAS AN
a ; { g a v 1 = Q v 1 1
m@muﬁﬁumﬂauﬂ%mumﬂ@mamzﬁmmauwuﬂmuLaummazwmqmm'}m@ﬁ'mgdq@
a t&z { 1 [ o o
LAAUWA SGO1 ,.SG02 ,SG03 LazrSG04 YNy 379 109 ,358 LAz 188 LUIAILRATH NNE1AL

= U > o ¢ 1 g/ C> [ 1 ) A a 4?/ a
gﬂ‘n 4-45 LldWILAEAIAMNANNWBD ITH I HIURNNIENILASATAMNNLATLANLNAY WU ILIT

NWHIADWNIAA WAV DINWHLNIWINADY (ST-CRC20-3)

mnmimaaugﬂﬁ 4-6 WU I UWTIILINAMNUF NN BT ITARI IR NUAZANNLASTUAN
a £ a ¥ a o o o o ' 4 °
LAAUBUII AN BAINDUNTAGI WL LALTINAETA MU FUN BT LU ULEUATILAZ WU TN ol wIINTzvin

Uszanmh 12.02 61 LHWNBIWLWAATILLANTI? FILNG HINANUTUYDILFULFAIANNTUN WD

USHN TNaa 3106
CITADEL CO., LTD.

4-81



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

& o . o a & a
iqﬂﬂqumuq@ﬂqﬂ (Final Report) I%ﬂa%ﬂiﬂwﬁuﬂqﬂjﬂElu@]Lﬂ']U@azLﬂﬂ@

v a 1 1 A Aa g a 1 et
VL@]L‘IJE‘]U%‘IL?J LLﬂ&WU?Wﬂ’]ﬂ?’]NLﬂ?U@]qu@]Lﬂ@]‘l]%‘ﬂ SGO05 ,SG06 ,SG07 LazSG08 LtN1NU 4461

5353 ,02 WAL 185 bUlATLEATI NSO

P Y o o ¢ 1 g’ £ o 1 = A a d‘y a
EiJ‘Yl 4-46 LFAWILAAIAIMNANNWDITHINNWBWIURNNIENILALATAINLATLANLNAY WU ILITW

NRHRIADWNIAA LN DINUEENIUINABI (ST-CRC20-3)

mﬂmi‘ﬂ@aaugﬂﬁ 4-7 WU BT IN AU A NN BT IZA TR NULAZANNLAST AN
a 3 = a v 1 Q L v 1 1
LA L RANLRTUA BRI AL LI L ASTINITT AN TUN T LU VLR WATI LAZWLINA
~ (=) =) J H
mmm’%'ymmaﬁwaamaﬂLmugoqmﬂ@muﬁ SG09 ,SG10 ,SG11 ,SG12 ,SG13 LazSG14

WiNAU 66 27 ,4044 4001 ,64 LAz 255 LUIATLRATH A1NE1GL

= U > o ¢ 1 g/ C> [ 1 ) A a 4?/ a
gﬂ‘n 4-47 L@WILAEAIANMNANNWBDITH I HIURNNIENILASATAMNNLATLANLNAY WU ILITH

$ a [ a 1 & o
NWRIUKRANLEINATBANIVDINWHZN1WI1a 09 (ST-CRC20-3)

4-82 USEN TNLea 31Na
CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA TLNUTUFAY (Final Report)

ﬁnﬂmimaaugﬂ‘ﬁ' 4-8 WU IWTIILINANUFURUETEWI9I TN LAz A NLAS AT
Aaduluniniasuduuuainuwi g lagsuasdan uFuRRELUULEWATI LAZWUF6
ﬂ’J’]&ILﬂ%E}@LL?GﬁG%ﬂGL%ﬁﬂL&%NQGq@]Lﬁ@]"ﬁuﬁ SG15 ,5G16 ,SG17 ,SG18 ,SG19 LarSG20
WINAL 1429 ,1171 ,737 ,604 ,1609 LAz 1545 LUlATLEATH ANE1AU

~ o o o ¢ ' & ) ° ' P Aa £ a
E‘.IJ‘Y] 4-48 LdWULAAIAINNFANNWIIZTH I IRUNNILNILALATIAIMNLATLANLNAYWUILID

ABAIRENLFINABLWYDINBFZNIUI1A DY (ST-CRC20-3)

USHN TNaa 3106 4-83
CITADEL CO., LTD.



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

& o . o a & a
iqﬂﬂqumuq@ﬂqﬂ (Final Report) I%ﬂa%ﬂiﬂwﬁuﬂqﬂjﬂElu@]Lﬂ']U@azLﬂﬂ@

4.2 MINAFIUNNAITUUTIVDINWALNININADI BATI 2 (ANANW 0.15

L3IR17)

MINATBUMAITUUTIVINUFENIUTR0970N 2 Tvwaanuning 2 1aT 81 8 LAT

& & ' = A ~ & ° a

WU 0.15 LUAT NIRUA 6 LN lagutsaantdn 2 Uszian fa Ussany 1 AwIzNIwiINaadIn

ABFTINIUAAUNTAUNG T1UIU 3 WEWAL LAZUTEANT 2 AURTNIWINRINTDRIINILABUNTE
NRNYIITDOUGLATUARZLALA T1947% 3 WHWN

]
I

4.2 NMINAFDUNHALNINT1ADILAN 2 NOFIWAILABWNIAUNG Wi 1 (ST-
NC15-1)

3111 4-49 MINAFBUAIAITULIIVBINWEE NI (ST-NC15-1)

4-84 UM Tnaa 3na
CITADEL CO., LTD.



lawmsdnsunauidymduazniuuaniniiiasnnanuiiannarissesnusmnninlas

IR unIANRNEITRUUALANLARZLE LA TLNUTUFAY (Final Report)

Load 0.00 Tons

Load 4.10 Tons

Load 8.17 Tons

Load 12.16 Tons

Load 2.06 Tons

Load 6.03 Tons

Load 10.10 Tons

Load 14.01 Tons
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Load 16.02 Tons Load 18.06 Tons
Load 20.31 Tons Load 22.05 Tons
Load 24.00 Tons Load 26.09 Tons
Load 30.20 Tons Load 32.15 Tons
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Load 39.08 Tons
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Load 0.00 Tons

Load 4.05 Tons

Load 8.06 Tons

Load 12.00 Tons

Load 2.03 Tons

Load 6.00 Tons

Load 10.05 Tons

Load 14.09 Tons
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Load 16.10 Tons Load 18.00 Tons
Load 20.01 Tons Load 22.10 Tons
Load 24.13 Tons Load 26.04 Tons
Load 28.05 Tons Load 30.00 Tons
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Load 32.01 Tons Load 34.13 Tons
Load 36.01 Tons Load 40.21 Tons
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Load 8.00 Tons

Load 12.01 Tons

Load 16.02 Tons

Load 20.07 Tons

Load 10.08 Tons

Load 14.06 Tons

Load 18.11 Tons

Load 22.16 Tons
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Load 24.07 Tons Load 26.19 Tons
Load 28.03 Tons Load 30.09 Tons
Load 32.01 Tons Load 37.36 Tons
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@13197 5.12 A3UNANINATDUAIRIAIRNIHAIING (FT-NC15-3)

Fatigue test
No. of Specimen Specimen
Cycles Percent of Crack (%)
0 0
100 47
200 51
300 55
400 59
500 59
1000 64
1500 67
1 FT-NC15-3
2000 69
3000 71
4000 72
5000 72
6000 74
7000 74
8000 78
9000 78
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Fatigue test
No. of .
Specimen Specimen T Percent of
Crack (%)

0 0

100 46

200 49

300 51

400 53

500 57

1000 58

1500 60

2000 60

3000 62

4000 63

1 FT-CRC15-3 5000 64
6000 67

7000 69

8000 71

9000 72

10000 73

12000 74

14000 76

16000 77

18000 80

20000 81

25000 81
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(rannInilnG) (AAWNIANFNLIIINLWALNIUARLLDUA)
FT-NC20 FT-NC15 FT-CRC20 FT-CRC15
%11 0.20 LUGAT %u1 0.15 LUAT %11 0.20 LUAT %11 0.15 LUAT
0.40Pu 1,738 5,012 25,119 70,795
0.55Pu 295 692 17,783 17,378
0.70Pu 16 50 25 55

* v =
VL@] U1RINNIILNYU

)

Uaa

STAUAMNLR YWY DILHWNWHLNINN 50%

FIUWINTAUVDILTINTEVNTINTIN IR WA LT

'
v

a

[

lasensdaasimusaui ldurannmmasay

AANULTINIENIZAL 50% laaad3luwan319n 5.15

{ o o o { o ¥ 1 g a
@I']‘S’]\‘i“?l 5.15 f\]']%')%‘ia‘]J?la\‘lLL‘Nﬂiz‘YI’]sﬁ']“?l‘Yl’lsl‘ﬁLLN%ﬁ%Lﬂﬂﬂ'ﬂ&lLaﬂﬁ’]ﬂ 50%

JTAVUIINTEN MWINIDLVDINIINIZNN* (Cycle) TWINIAVVAIUIINIZNIN* (Cycle)
(Pawn3nlna) (AOWNIARANLNITDLRALILARLLIBBA)
FT-NC20 FT-NC15 FT-CRC20 FT-CRC15
%11 0.20 LGS %11 0.15 LIRS %11 0.20 LGS %11 0.15 LGS
0.40Pu 19,953 12,882 44,668 >100,000
0.55Pu 7,244 1,738 34,674 54,954
0.70Pu 33 170 56 245
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FT-NC20

#“i1 0.20 LNAT

FT-NC15

%1 0.15 LNAT

FT-CRC20

“Wi1 0.20 LNAT

FT-CRC15

“Wi1 0.15 LNAT

0.40Pu 60,256 25,119 >100,000 >100,000
0.55Pu 39,811 12,303 >100,000 >100,000
0.70Pu 66 575 115 1,514
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Fatigue curves at crack 40% of the soffit area of the deck slab
T T T

1 — e T L B e e e A T

O Normal concrete deck slab (NC)
NC: P/Pu = -0.1065*l0og(N)+0.8781
O Crumb rubber concrete deck slab (CR)
——— CR: P/Pu =-0.0912*log(N)+0.8452
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Applied wheel load / Static failure load, P/Pu
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Number of wheel load passages, N
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P/P, =—0.1065 log N + 0.8781
(6-1)

2
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P/P, =-0.0912 log N +0.8452 (6-2)

mﬂgﬂﬁi 6-2 aziAnlddn lutrausanizvinszdugs wia P/R, wnnin 0.65 NUFZAU
ﬂaun%‘mﬂﬂaﬁﬁwéi'@ﬁwumumwwﬁﬁgaﬂdwﬁuazwmﬂaun%‘mwawmdmmu@?mm@a:lﬁm e
atinelsfiany lugasusanizinszdudn nie P/P, Waanin 0.65 %aﬂuﬁwﬁmaumu
N =4x10° vau ﬁ?ua:wmﬂauﬂ’%'mwaumomﬂu@ﬁﬁmmauﬁﬂ@ﬁﬁﬂé’dﬁmmumm&ﬂgaﬂdﬁ
NURZNUABUNTAUNG A9t T9InoNULUNURZNUABUNSANFNEITDEUALILAR B0

va o Q@ Qs e Q lﬂq/ ; ' J a a v
I%Mﬂ’lﬂdi‘ULL'ﬁ\‘ia@ﬂ‘izaU (ANUABINY) G]’]ﬂ’ﬂW%&zW’]%ﬂa%ﬂi(ﬂﬂﬂ@]vL@

USHN TNaa 3106 6-3
CITADEL CO., LTD.



lavwmsdnsunauidymduaznuuaniniiiasnnanudiannanaszasnusmansinlag

TLNUTUFAY (Final Report)

lFaaunSaNaNL1ITNLRALATUARZLA DA

a 6 dly
6.3 NMINUAIITHRIAIMNRBINBATNIN

LW LAIAINTN AU INWHZNIBAAWNITAUNA LN UFINIBADWNIANINLIITDL WA LA

mauﬁmlugﬂﬁ 6-2 VL@TﬁmeLamSﬂﬂ%Vﬂugﬂﬁ 6-3 LINa1NN M LATIZHHIA T URUIT ANV D

WuReNIWLNa lARIN1I07095LINARNAD 125 A1 FIUIN 4x10° 1NBIANNIATFIUNITEENUUL
AASHTO LRFD & a139%

Applied wheel load / Static failure load, P/Pu

o
™

o
3

o
o

o
3

N
IS

o
w

o
N}

o

)
o
=3

Determination of P/Pu for the design of slab thickness
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< Tj ~ Crumb rubber concrete deck slab (CR)
Normal concrete deck slab (NC)\‘\ L

Required P/Pu = 0.24 for CR

Required P/Pu = 0.18 for NC
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