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ABSTRACT

Within the framework of this diploma thesis, the structural design of rigid
pavements intended for application at highway toll stations was investigated, where
traffic consists of various vehicle types and repeated heavy loading conditions. The
study focugs on evaluating the feasibility of incorporating polypropylene fibers, steel
fibers, and glass fibers into the concrete used for the construction of such pavements.
The objective of fiber incorporation is to enhance the mechanical performance of
concrete, particularly its compressive strength, flexural strength, and modulus of
elasticity. The influence of different fiber types on the structural response of rigid
pavements is examined in the context of pavement design requirements, aiming to
assess their pential contribution to improved loagtarrying capacity and durability
under demanding service conditions.

The pavement design is based on the guidelines provided by the Unified Facilities
Criteria (UFC)-350-01, which serves as the design standard of the United States of
America (USA) for pavements and military infrastructure. A key tool for implementing
this method is the PCASE (Pavem@&ransportation Computer Assisted Structural
Engineering) software, which facilitates pavement analysis and design through
simulations that provide accurate estimates for the required design parameters.

[ eywords pavement,rigid, fibers, propylene, steelglass,compressive strength,
flexuralstrength
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PAVEMENT
SURFACE

" POURED :
JOINT SEALER,

PAVEMENT
SURFACE SURFACE

" POURED  :C
JOINT SEALER,

SEALER
SEPARATING
TAPE

5 P POUREL
SEPARATING VR SEPARATING TSR
JOINT BOTTOM SEALER JOINT BOTTOM - SEALER
1% INITIAL SAWCUT JOINT BOTTOM: INITIAL SAWCUT JOINT BOTTOM- Ti!
{1/8") OR INSERT {3 MM OR INSERT L
RACK BUTT JOINT RACK BUTT JOINT m
JOINT BOTTOM JOINT BOTTOM
CONTRACTION CONSTRUCTION EXPANSION CONTRACTION CONSTRUCTION EXPANSION
JOINT JOINT JOINT JOINT JOINT JOINT

W=WDTH OF SEALANT RESERVOIR (24°)
D =DEPTH OF SEALANT (1.0 TO 1.5 xW)
T =DEPTH OF INITIAL SAWCUT OR INSERT TYPE JOINT
FORMER (CONTRACTION JOINT)
& 1/4 SLAB THICKNESS FOR PAVEMENTS LESS THAN 12 INCHES
b. 3 [NCHES FOR PAVEMENTS 12-18 [INCHES *
€. 1/8 SLAB THICKNESS FOR PAVEMENTS MORE THAN 18 INCHES *
* DES|GNER MAY WANT TO CONS|DER REQUIRING 1/4 SLAB THICKNESS

NOTE: TOR OF SEALANT WILL BE 1/84M, TO 1/4-4N, BELOW TOP OF PAVEMENT,

W= WIOTH OF SEALANT RESERVOIR (19 MM)
D=DEPTH OF SEALANT (1.0 TO 1.5 x W)
T=DEFTH OF INITIAL SAWCUT OR INSERT TYPE JOINT
FORMER [CONTRACTION JOINT)
& 1/4 SLAB THICKNESS FOR PAVEMENTS LESS THAN 300 MM
. 75 MM FOR PAVEMENTS 300 TO 450 MM *
. 178 SLAB THICKNESS FOR PAVEMENTS MORE THAN 450 M

*DES|IGNER MAY WANT TO CONS|DER REQUIRING 1/4 SLAB THICKNESS

NOTE: TOF OF SEALANT WILL BE 3 TO & MM BELOW TOP OF PAVEMENT,

NOT TO SCALE NOT 7O SCALE

IMPERIAL METRIC
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[ ' * (Air Force, Naval Facilities, & US Army, 2016)
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[ ' & (Husaain, Ali, Akhtar, Jameel, & Raza, 2020)
n"" ~h > h ' "~ B>’ h t w A h ' Ssh A "€ -y oy
B ,ow ! >B_‘:"¢\<“{_>B&5$Hh<>!15_/\5__"""p/\"h/\_"u" > B
>t ¢ h_,e(_"*M"'_l'qp‘uB/\’Ah“/\h/\_h' A vh ¢ B w A h h >, h <w
¢ h_t ¥ 1 B 1 >h B ° Ah? S Tt YTt Y s w AT B w A h - v
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B<h _B'_C’h" I ‘{'Bq @Zh\"‘ I‘Q\B/\mz J‘ ’HmJHHm_V-Vlnllq
s 1 h ! *'h ¢ w 1 V¢ >sw e ! Ch‘c Y Y s
~ h h > - ! S - B A h h v' Y <Y o ! h A ¥ _ "
SRSLIN Cho_ . Sht g 3whdRt R 6 omvEhe> '
[OOARZ2PY o hAtSw gt s 6 T T wsh 6HYy
[ " 18 [YQE ¢ h CADI HAHNDU
draf L Ty rBeflag Bl B rnd{fs
1r¥fespn Id Br{BUu|l B} RGEL Br{BUvE B} RE fl[BI.IJrvB
(MPa) fcm (%) (MP3) fr (%) (GPa n QY|
w - o< 44,9 0 - - 28,20
DR B
(18mm) 1286 45,8 2,00 - - 29,50
nIm:l b &b
(18mm) 1286 47,6 6,01 - - 30,30
nxcxl b &b
(18mm) 1286 47,1 4,90 - - 30,20
nzyizl b Ay
(18mm) 1286 46,4 334 - - 30,00
—~ 48
e 47,6
%47,5 471
’ 4 46,4
< 465 :
M 46 45,8
45,5
44,9
45
44,5
44
43,5
w” " <Y naZw: lAaspIimh<lAspagzh <] AspaZyh <] Ay
(18mm) (18mm) (18mm) (18mm)
{. 77 1€
mop<' " _ " SempA_ T . " 0O
rll("3.54Y ¢<l—-lq‘ll BA-V‘.II 1c‘ V{W>h v
[ "8 [YQE Sht C  ADPI HAHNO
rl"‘<w"/\z > B j h ' _hTz‘_‘“""‘ﬁ‘B,"h_B_">’P’/\>hv
h’VI AR | -I ‘ <| —-l qcz:ﬂmBA__VIll\“ I- AA7ER U | A G I --V"V
“A- A<TB LWt > B C UM T @Y vVhA T A dhs > h - 7
>|5‘ _/\B hl ~ - v v oo ' h Vl A | 1 <| - €
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7
’ 6,01
_ 6
| 4,90
s 5
4 3,34
3
2,0
2
1
0,00
0
w” T <Y aXw:r IAar aZimi< A aYlefi< A n Zlydr< I Al
(18mm) (18mm) (18mm) (18mm)
.77 1°
—C) < SO femB A LT 0
n-rq3.55‘( J-Vr‘hvnh_ rgq)_élj—v_<lnqul B/\_v;". 'l-q"v.{W>h_
[ 1Y@ Sht C  A®DI HAHNOD
rl" ! =~ h ~ h ! B h * t 1 B A - h L A
¢ Y 1 w>h ¥ b
B/\ e B >sB AT w =B BAVhw' hhE™"Y" Jw <A B'hafi_h R '
h <C h ¢ _ ¢ h * Al 'h is<'t “h ' C"AY™ ¢S5~ ¥ 1 Ws>Sh’ K
o! f 3dzKA o} ¢ 20t "AhyIA2hY 37 T BH KR MO M A T QT omsw
¢ <" Al 7Y ChHh 4 ¥YC¢C>sSs*"h 1 th | “h Y78 "¢w -8t
~ > w K < h t g " ¢CHh T hht . S h” >~ 8
§ ACCEME' 6 OO O
J 2 AhZ2BY ' L hAtCw s 1 ¢ L wsh o~
[ ' (Alyuhi & Tomlinson, 2024)
draf L] Tevevy rBeflaqn LB rnffes
1rifsnpn Id Br{BUL|l B} RGEL ByfsuoE BlrR@EL| nrBL AT B
(MPa) fcm (%) (MPQ) fr (%) (GPa n QY|
we - o< 41,8 0 - - 24,50
nzplzl b oAy i )
(36mm) 67 45,6 9,09 23,80
M D AT
(36mm) 67 47 12,44 - - 22,70
MIpial oAl i i
(36mm) 67 47,5 13,64 22,20
(g1 )
1
\ )
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nZp: Ias M3 N<AE  nf) < MIplioaons
(36mm) (36mm)
{. N R
Ep<" T _ " CfemBA_ T .t 6
n'$386Y ¢< TS BA_T .U QS Tiw>h v
[ ' (Alyuhi & Tomlinson, 2024)
rl"'<w"/\z > B j h > Hyz‘"""'SB"‘h‘K"’"“"J\“"/\hC
hw{']K—"vv.{B _rq‘ll h Vl‘l _| £<r—_!¢|l
>wot MR T UL w g3 e v h T T <Y

13,64
12,44
9,09
0
w’ T o<’ np: las  MPMKAE  rhnh) < MZ piii0 olea s |
(36mm) (36mm)
d, 7. 1%,
—¢<“_'¢'fcmB/\_"A" o)
n' <387 [T h T <0 BA_~ . 1.7 T aws>h
[ 4 (Alyuhi & Tomlinson, 2024)
rl—’ 1 —h h ',B’ hl t >|5 '/\ - ~ ‘
- l(l‘ll h/\ V‘.II -h ~ !hyBl >BA AB;"
s s <7, B o< B 7B - S
A Sh>T tTyrwbBA_ YL

J’B"h}hw"fs A h wBl U UABh O A h A M .h ¥ j*h ¢ h
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[ h 1 >h Y- Yt om0 ¢ h oA 1 V¢ sw Ce b T t g S K, 8 <€
CUAT < Sh ghe A ROBRGRS Bhop P O
[ Aah320y ' . h A" Cw 14 '8 1. T4 w>h 7~ OHY
[ ' 1 (AKbari & Abed, 2020)
dbraf L] fysLyy B Lagq JBlBL, rndfs
1rifepnvd | Brfsu| Bl RE BrfsoE BIREL|{NIBLLIT B
(MPa) fcm (%) (MPa) fr (%) (GPa n OY
w’ o<’
(W/C=0,35) 37,12 0 491 0 32,61
Y
nroirl halge | 4187 12,80 5,13 4,48 32,61
(12mm)
270 L
nEel dAd e | 4250 14,74 6,26 27,49 32,61
(12mm)
“a L
R I N YY) 1,62 7.13 45,21 32,61
(12mm)
w’ o<’
(W/C=0,45) 30,88 0 3,96 0 30,86
L
nroil s« 632 32,96 6,74 4,19 5,81 30,86
(12mm)
27 Y
nreil b Al gl 3302 7,58 5,07 28,03 30,86
(12mm)
"a L
nrdlhe« 632 28,24 -8,55 5,88 48,48 30,86
(12mm)
Hm-h 7oA T Ty o VS R SR (RSN S BRI | LA A
B A _ Jr'Wh_ _‘” rl<h‘__“"C ] /\""t‘k" ‘>y”’:*w' hoe h_<B 5 h . _“
1 ¢ .~ 7 1 wBubopean Committee for Standardization, 2004)
= 45 41,87 42,59
% 40 37,12 36,52
T o35 30.88 32,96 33,22
' 30 28,24
<
» 25
20
15
12 4,91 5,13 6,26 13 3.96 4.19 5,07 588
° |
w” T <'nIol: hEke: hXw: Jua'f',< nXo: hlzfcaj hi*qaﬁz 1
(W/C=0,35) 1 h <’ “)1h<’®~]1h< YWC=045) } h<’~“1h<’~)h<~
(12mm) (12mm) (12mm) (12mm) (12mm) (12mm)
.7 19,7 7
mop<' " _ " S 'fcmB AmpTh.>"T o0 S ") B AT 0
rl € Q 358Y ¢ < l_r—h_ >r —(“_lll (I‘ n B A _ ~ n 1 (" ~ { w > h ~
[ ' 1 (AKbari & Abed, 2020)
rl“ <wY AT > B i h ! |~q{ oYY e 87 he ! Vo ‘I"/\h'f.‘
C"'A_ N <Y B < Y _ AB ' Ssh A "¢ChCh ' A Chh > 71 Y ¢ "s 2 h pn
h A vh ~ '_th_b"i"‘."O(p((hq)’
( g3 )
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V.60
’ 48,48
— 50 45,21
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20 12.80 14,74 5,81
7
10 / >
0 0 g -8,55
-1,62
0 4,48 /6,74
w’' T <'nZxE: hikw: hAd: JwET <" nXol: Inkwe: ochi
210 (W/C=0,35) } h <’ 1h<’ > ]1ha<' Y(WC=045) 1} h<' >~ )ha<c ¥R~
(12mm) (12mm) (12mm) (12mm) (12mm) (12mm)
-20
{. 7 17
—_—p < T femB Aemth > S ") BA_ T L0
rl € q‘ 3.59Y J' Mo hV LAY h_ r Bq)_ d]l] - _{llhq>ll—._ t q n B A _ n 1 q‘ { W > h
[ 1 (AKbari & Abed, 2020)
rl" ! - h H.‘_h‘”_hs’{_’h"‘>>B’_J:>'h/\_ h- voooe e >8 1 h
TT T _oh Tt ARy Lt > 0L 'S 0Tt T e hCh s
¢ h* h - h " ¥ b7 < ¢ Y1 w>h e
J' hj>h L e 71 >B<W 1 lth‘ Vl\'!i/x\n_(l‘/\'l—v
he ™ "¢ hytt ho> T A A L h BE - <" B RBYyS' Ah ATCO"
J>T s YT ORT Y wsh Y T Y s At g SSE'Tarhl oW
CHfOsys> 3 YIOFYRYYE>WMAHAD>."' = ~° >8<8 '
1 " h >~ , - ANT A h v L.l >woo T ~ ¢ h «<h AB 7
¢ h* - ~ h vh AB h‘_“'d’,Amwhnlﬁ‘hﬁémqﬂpA'_' h
[2oARZZ0Y, oAt Sw ot s 6 T T WS h OHYy
[ :(tee,MataCl f Os5y S 9 Yl dzZFYFYY3S HAHHD
draf L Ty B[ faqg JelBL rnd{fs
vrifspnd | Byfsu| Bl RrRGE ByfsuvceE BIR@EL |[n[{BLLIT B
(MPa) fcm (%) (MP3) fr (%) (GPa nOY
w” T o<’ 82,5 0 6,9 0 24,20
nrps Iang, 83 0,61 10,2 47,83 24,20
(6mm)
FMm-h A R SR 1V R SR 1 | ESUSRA AL | AL
BA_  dpwh_ T YT op<h U T AY T TSy AT T W R h <k S
1 ¢ .~ 7 1 wBubopean Committee for Standardization, 2004)
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[ ' * (Lee Mata-Falsn, & Kaufmann 2022)
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0
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B/\ e B >B AT V\h’vlﬁ‘"Mhll,lils'“"_hl’/\_h'l.'l’h"“‘"C' A A

hc™ 7 ¢ W 1l >0~ h>= " b >(Kuwmar, Abhilash, Khan, Sai,

& Ram’ 2016)[ ’ h ] > hll_l"l—q‘{'h‘( /(" t > W I 3 < T - _ t q‘ n I z C h > - _ t q‘ n
h A Y, "W YC¢>B'h >u-|-‘c¢h"'4HsSp,htE>g'_JA"" ¢ h* B
N >~ 8 " h ' >h . A wil ' AB > B SC Ch" " S OB A A h ™~
1 81 Y >wAaAHh 1 h h(]" . Kh’ggm)h((n“ cC '3_62911>h
JoAR33Y, LA Cw gt o s ¢ T wsh Y 0 oY
[ ' 4(Kumar, Abhilash, Khan, Sai, & Ram, 2016)
draf gl rsusny reffag feusld  rnffs
1rifspn Id Br{BsUv|l B} RGE BrydsuvcE BlIRrReE [NIBLLIIT B
(MPa) fcm (%) (MP3) fr (%) (GPa n QY
w” o<’ B B B ) )
nI¥p:z 1A 1357 27,06 0 2,45 0 -
M: 1 Aas | 1357 28,46 5,17 2,94 20,00 -
x> 1 Aas | 1357 26,98 -0,30 2,6 6,12 -
or 1 as | 1357 26,108 -3,52 2,45 0 -
= 28,46
w 30 27,06 26,98 26,108
2 1
> 25
<
- 20
15
10
5 2.45 2,94 2,6 2,45
. ] ] ] ]
w” <" nIp: las MPhAkKs  IHXRTI A 1EKTI A ]
{77 Ff
mp<' " _ " CfemB AamrTh>T 6 S BA_ T L "0
rl t q‘ 3.@2Y ¢ < !_r—h->! —(:-Ill q n B A _ v . n 1 (“ . 4 ~ { w > h _ ~ )
[ x (Kumar, Abhilash Khan Saij & Ram 2016)
n-"" <w’AZX > B j At _how 7" ® M s T 0 [P
T e RS ORI AT v pIMEANARAA L - A
ha_ 70 7 oh TEBST UYWAY >88 AT pf Ao D <
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vV 30
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— 25
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X
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10 517 6,12
5
0
0 0
w” T <Y I I ns M2 Rl<ns <] A8 d A 1
-5
-3,62
{77 e
—f <" T S femB A=t 36 ) BA T L0
L e N R T AL P L I I A
[ ' % (Kumar, Abhilash, Khan, Sai, & Ram, 2016)
rl" ! . ~ h h_"s’_z%t.“h"‘_ds:_:p/bs_h' '“““‘“"‘Q_'h h’
1 ‘ <l - ¢ n ¢ h! ¢ h >— q!hc!u AhBA; _V “>|5 t gy /\>h5“
Co T YwWE o, h A >Eh <A T T T >Tw Mg A o
A A 1 B A B > A h ! E AT < Cnm -~ h A h ¢ ht > I
> B Y i) ¥ ¢ ¥ 1 w>h ¥ ()

B/\ ’ ! w’” Bh whY h'"1VE “w’<s " h' ¥ B ¢ _ A
-y - A Z<YA YA ¢ 74 s>hy > haA_tCh A h =~ >
hy " h gadaNI K& { KIFNR®BV 'S <WHAYSZSsamud <* - _© ¢
hn_ 700" ¢ h*t ¢ hr ' B 1 h*t opQ "B B Y™ ¢ ~
g  Ahobhy | ° 6 o\ b

JoAn33Y ' LhAtCw o g0t s 19, T4 w>h 7 OHY

[ ' 1 (Mofthy, Sharda, & Jain, 2012)

draf Ly IsusL{rBef L4 JBLEL, rnlfs
1r¥fspn Id Br{BUu|l B} RGE Brdsul BIrRaEL | n[BLIIT B

(MPa) fcm (%) (MPQ) fr (%) (GPa nOY

w” T o<” 38 0,00 4,1 0 32,84

nxpl: 1 A4 2000 38,22 0,58 4,5 9,76 32,84
nx Tz 1 Ay 2000 38,44 1,16 4.8 17,07 32,84
nzdg: 1 A4 2000 39,11 2,92 5 21,95 32,84
MZH: 1 A4 2000 39,55 4,08 5,2 26,83 32,84
MZpz 1 Ad 2000 40,44 6,42 53 29,27 32,84
(*)m" N TA R | DR SR | AL R | A
328 A _ Ipftwh_ 7 T o< DT O AT TR TSYAT TS WS RE S h < SH T
1 ¢ .~ 7 1 WBubopean Committee for Standardization, 2004)
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[ ' 4 (Mifthy, Sharda, & Jain, 2012)
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T o 38,22 38,44 39,11 39,55 40,44
o 40
)235
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< 25
» 20
15
10 4,5 52 5,3
5
0
<7 nzIp: J/\I'I“ZT: JAnfzqa 1 AT H: .I/\M‘Zp~n
1h <™ 1 h<” 1h<™ 1h<\ 1h<”
.77 19,
.¢<| - ) to¢ "meB /\._rvh;>"- -c')l S nfr) BA_ ML c')
r1‘¢3.@4.h¢<"_[h$"_'¢" BA_VLII 1(\\"V{W>h_v
[ ' 1 (Mifthy, Sharda, & Jain, 2012)
n-"" <w”AZ > B j h ' _OE 7T e s hy t T [t AR
- K ‘B¢ “gl"/hsd’]v'{l B: \B N /\51" qh! h‘B n
i<! - t n ' 4 (I‘h 1 qh>— lqu h/\ V‘ n q) O
h * s " s <2 s AW, ?:fz>‘_“-‘“'ﬂ9fy\/\wv‘;<"h B A
HQET 2 7 A - Bt Bj<BBKREAET Y A hTY B <>
>'" . h At t'C h ¥ . B h 1B . ' LS A ¢ h*
¢ T4 waph © 6@\ pdid
. 40 29,27
— 35
~
1 30
X0
_ 25
20
15
10 6,42
292 4,08 ]
5 0,00 0,58 1,16
0
w” T < TnZp:r IAAZTIAKAAZREY PRKAMI DY PKRKAMZI 7} h kA
.77 1v°¢.
<" " _ " CfomB Ae=——y™ >0 _ " T "IN RBA_T . " O
rl t Q 3.@5”“’ hd N M ‘h _) h r Bq)_ d“] - _{llh¢>ll-l_ € (“ n ' B /\ _ ~ . n ' 1 q\ ’ ~ { w > h )



rl—’ |I —h'hl_l(;"h5>’—__huqn_HA_VLM —h"'
-~ ~ N t h > h h VI 1 B N . w 1 >|5 1 ‘ < -
_B_'h_W<,h'I‘B'AV_h'_<'f>IW'J"h‘/_\_"I‘_v'*' h \VA '
(B <w® "1 ¢ 788 <6 Cogom ¢ h* Chs>- *¢mn
- h 1 >h VOB TN IACSE Sw AT h <« 8 Y S | E
T SEY T LW T h S8 T ANE Y B CHFNC g LT ©w
- h 1 >h ¥ Yromwm v ¢ h oA >8Y Bl VL¢P hs, *YhT BT € 'L 10w >8h
'3 DA BODNO R 6 0 D
J S Ah33BY ot LhAtCw ot s 16 . T awsh o~
[ ' 4 (KiMn, 2016)
dbraf L Ty B[ Laqg BB rndfs
1rifspn Id Br{BsUu|l B} REL ByfsuoaE BlrRaEL | N[BLLIT B
(MPa) fcm (%) (MPa) fr (%) (GPay n OY
W' o<” 58,8 - 6,61 0 37,43
pr I AE sy 8,07 22,09 37,43
(12mm) i ) ' ' '
cir 1At gsy 8,47 28,14 37,43
(12mm) i ) : : ’
TR A AE L ey 7,97 20,57 37,43
(12mm) i ) ' ' '
L A S e T
B A dptwh_ 0 YY op<h YU AT TS TSYAT YW RE L h <k S
1 ¢ . © 7 4 wEubopean Committee for Standardization, 2004)
-
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. - ] ] ]
w” o<’ piz 1 oAas o omm) < JoawH nmim) <r: J6AMH, nmim) <
{. 77 1 ¢
mO<' T _ 'S femBAm[ThT O SR BA_ T . 0
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n"'<w"/\z > B j h ot _Olﬁ "_""‘CL"KB’_/\hx“,_>"'h‘_‘¢J""/\hCh
A

YA - < B -y Y h pn:“;; ¢ h* c2" ¢ h i pH AT ¢ 0t s
h’vl‘l _lI qh>—_lqnl h/\_vaulinﬁ:?yggmln |'j'|B<_‘
h/\_"_"“h 1 “W"d'lﬁl_{"o(g\i!jlcph"'<" ‘C"'4B>hcp
vV 30 28,14
>
_ 25 22,09 20,57
S 20
® 15
10
S 0
0
w”To<” piz I A pm) € JamHy mm) 330 Jame mim) <
O T
rh>"_ " eypgaA_ T 0
n' < 3@z~ T h’ h o posp by <o BAa_ " ." ¢ Taiwsh _~
[ ' 1 (Kidn, 2016)
- > ~ 1 - h - h-h " H B > 1 )‘ t h n . e (: "= 'hl/\\" 4":!VC"IIA_ /\h N 1
n : ! - . ¥4 a b2
h <" { ] 1 B > A Bv > |5- ’wv +‘ A I v qhh >\,-| ‘!Iq n > ‘|h’ /\ >VB; n
205®bpe A T h T LY A LBLY>wWAh 0 tho At gt T e
OEB_),{’h" ' _h'zv‘ﬁt"ﬁ:avhv/\‘_/\h * ' >'*h/
et v le Yy wsh oY ryp3I >, LA vMEImTE' -
h=> webs 6 wah 5 > <@ d] | N& YIC ¥ RRANVE ' f AX 39
B'Jh‘ '.[vmqu - v -’h.]>h v-V|!A||‘|Qh7\ tm’lle
B B <€ A toon Ch ™ J¢Vhex "> *the " Ch & % 'weSh ! “’l-_Hy s T _

§ ' Ahobhd B ' 6 bd\ b

J 2 AhZ3gY ' L hAtCw JL Y COHY 8 > SO AG L w>h o
[ ' % (Mukaram, Uddin, Ali, & Ali, 2021)

ool fvsry rErffag feisll rnflfs
1rifepnid Br{BUu|l B} RGE B1{suvE Bl RE ﬂ[BIlJFVBJ

(MP3a) fcm (%) (MPg) fr (%) (GPa n QY|

w” o<’ 33,5 0 2,82 0 31,62

nI¥pl:z 1A 38,5 14,93 3,09 9,57 31,62
M: 1 A 45,6 36,12 3,4 20,57 31,62
MEZpz 1A 36,1 7,76 3,24 14,89 31,62
Fm T A T T T > T T T ST WS R Yt 2
B A _ Ietwh_ 2 Y o< DT T AY TR TSYAT TS WS R S h B ST
1 ¢ .~ 7 1 WBubopean Committee for Standardization, 2004)
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w’ o<’ n¥pl: Ias o WM<l A ) ATz 1 AE
.77 19,
mo<' " _ " femB AmpTh.>"T 6 S BA_ T " 0O
n' 3680 <' TphST et ATt 6 ST uwsh T
[ ' % (Mukaram, Uddin, Ali, & Ali, 2021)

rl"'<w"/\z > B j h > o - YT, g7 vt vmotr 2 A h G
A N < o8 -y v ! M2 A L B S * ' >b8 1 h <« B !
h A o cdMPMH T ¢ h o ¢ fH}'@_er‘CB" O ,hj/\c_'“"‘"'l S B T

¢ Fhodd @
V40 36,12
>
_ 35
< 30
. 25
20 14,89
15
10 7,76
w’ o<’ nIpl: Ias o W<l A ) AT p: ] A
. U B
p<" 7 " CfemB A==yt >§ _ ) BA_ T L6
nrq3.@9.hj-v‘w‘h_>h qu)_dllj_v_f“hc>"_‘_(qlll BA_V‘". 'lq"v.{W>h_
[ (Mukaram, Uddin, Ali, & Ali, 2021)

n- "’ ' -~ h h=h ¢ v g ° h ' h ' v B <, AN _'AM_"A h [ = ¢
-‘. hA_“'l'w'l}'v"“““/\‘__/\' ‘MsZpg:g “4_"1\5"“‘3‘_>‘B,’,
h ] VI-\ I \Iv _| I l<! —7521 ¢t om Iv m/h-lv 1_1I4,§9)A)=r¢® >‘-;_W \(I‘llll
> B v >Sw gt ¥ S B 'BAOCT T T, hUASB T 10R ST A - A B -y v
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AL NY @ Whawdo " "7 ShA 0TS sw gt T e
ha_ Yo" 2 7 >, .Aah "BEca hGI"YSNAOIHYy [ 20ASGe@
al'l'jéNJ\I‘fé()Z ¢ h > <w ! _'I>'l‘h‘/\¢‘/\"’>_h“'”_‘h
g Ahodhp F' 6 ol D
J”/\h3‘_35ylr"h/\'¢w‘ 14 '_5 1(.‘ Y1 w>h Y
[ ' 1 (HiNes & Ziara, 2019)
J
PO Teve | rsrrgag sty rngge
1rifepn Id (MP3) B1 R @ BrlsuvE BIR@E (NLBLIIT B
fem (%) (MP3Q) fr (%) (GPa n QY
w” T o<” 57,85 0 6,35 0 37,25
nxoz 1A
(8-30mmr 1 1357 61,05 5,53 7,53 18,58 37,25
19mm)
nxcy 1A
(8-30mmr 1 1357 66,01 14,11 8,28 30,39 37,25
19mm)
nxdz 1Ay
(8-30mmr 1 1357 66,34 14,68 8,79 38,43 37,25
19mm)
MZHDE 1Ay
(8-30mmr 1 1357 66,6 15,13 9,68 52,44 37,25
19mm)
Fm- A TSI T T T T st T T E WS Yt 2y
BA-  drtwh_ VY o p<h Y@ AT TS SWAT T T WS 68 h <k S Y
1 ¢ .~ 7 1 WBubopean Committee for Standardization, 2004)
5 70 - 61.05 66,01 66,34
o ’
s 60
> 50
< 40
0 30
20
10 6,35 7,53 8,28 8,79 9,68
0 |
w’' "<’ onZo: J/\“-.ﬂibiff"<1 !\"-QUZWTE<] !\“-C.M)Zhif'l"<1 ANEDY
30mm-r 5 mand) 30mm-r B mnd) 30mm-r B mnd 30mm-r B W)
{77 (BN
mp<' " _ "¢ femB AmrTh.>T o C ) BA_ T L "0
n‘(glm.hq)<l _Ih$n t¢ o BA—V n .lq‘ V{W>h_"
[ J(HIM—Z‘S&ZI&I’& 2019)
rl"‘<w"/\z > B j h ' djﬁ“"’“‘f.‘ls'*"hsh‘“‘hQJ‘
h,V"' _ '“h‘<“‘{‘_”1,5"i\_5/\‘ AB " < 7,
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wo, pzmz B A _ ' ¢ h >~ t ¢ h/\"V>H'/§s‘w¢,t§§{|’fﬂh‘h‘ h ¢
B N w ! > B "('nh"’C‘OQ\‘mq)‘i.‘ ' )1 B >h
v 80 52,44
>
< 30,39
a 40
- 18,58
20 14,11 14,68 15,13
5,53
O /
0
w”' T <T nzor Az <l A<l AsmpR<] A0
30mm-r B mand) 30mm-r 5 mnd) 30mm-r ¥ mnd) 30mm-r B W)
-~ ¢
¢<! - _ t (I‘ llfcmBA_ ~ ‘r llh >6 _ t q Ilfr)éA_ ~ ‘|ll Ic') ~
n' ¢ 3A " " hoh R I UN A S L BA_~ . " 1 ¢ . Y1 w>h
[ ' 1 (HiNes & Ziara, 2019)
rl—"-hl'h I’B> hr 1 t ] (I‘h>— I(I"II h/\ V‘II h
B . w N 1 > B 1 [ <l - t (l‘ n J—th‘ VI‘< hl —111'2%—‘v>‘uvv‘l h
K "> ¢ h - e h A Y% ~—KF~"~ > %“Hhygwyt hke v
_ ‘-l<h‘!" -ll h/\_)\_V';.l ‘<l—-lqlll¢
s <v AR C T2 AY LT " oA SR AT T T SWRT
¢ YUwssh CYABIE T CRY T h o gh L NFS 8 a®AKSSE Hn
[h Y > " & hhpA o ¢ ht h . h 7 hhces "~ S wWh> | Y, 'A
~h > hao , 2" M <" ¢ S ¢ h*t _ ¢ h* h - B <wW ' >h
§ > Ahoho K ' 6 0D
[ ANn33BY ' . hAtCw I s S Y wsh Y GHY

[ ' 1 (Hafle & Meghe, 2013)

draf Ly vy rBrffaq fBLBL rnlfs
vrifsnnvd | Byfsul BlraEl| Blfsve BlRrRaEU | nrbuLir B
(MPg) fcm (%) (MP3) fr (%) GPa nOY
we - <” 41,5 0 4,12 0 33,72
nENOE |es7| 4856 17,01 4,78 16,02 33,72
W o<” 32 0 0 33,72
nEp: 1Ay 857 35 9,38 0 33,72
W o<” 36,6 0 0 33,72
NENOE les7| 4246 16,01 0 33,72
A A R R A
B A _ Ipftwh_ 2 Y o< DO T AY TR TSYAT TS WS RS h B ST
1 ¢ .~ 7 1 WBubopean Committee for Standardization, 2004)
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% 48,56
= 5 42,46
' 40
<
M 30
20
10 4,12 4,78
0
ToonIno: ) o, s wlh<™ %o
1 h <™ 10 o<~
T S
.¢<' -t ¢ ufcmB ’\-_I'vh*>"- QS UfF BA_ S P

n' <3<’ ~qghsm_ o BAa_~"." 19, “4w>h ¥
[ ' 1 (Hafle & Meghe, 2013)

n~"' ~<wW AZT > i Aot FE T T ETTHEYT YUMo ARG
v< >IC’II —ﬁ‘<"'{lljm’ “B/\_v/\ AL t ¢ h Vl A |
~ ¢ h ¢ _|l c‘hb_-_v“m\ffy:ﬁ_ﬁlmmz_'ﬁhnR_l’ ‘lwrs;’h’qjl >h
h‘_' "V4'<_/\5‘ '_‘ h ¢ ' s ¢ ht s<h*“_' B A
A <t ¢ s' , h A" Cn “>‘(§-l‘!.‘bc[7\(§1db _"‘ ‘C""{W>r
\"2
- 18 17,01 16,01
= 16
= 14
- 12
210
< 8
6
4
2
0
w' T <Y o azned AT T < nzZpi o las wlh<«s™ naXapol:
1 h <Y 1 h<”
-~ ¢
¢<"_'¢“fcm13/\—_'r"h>6_'¢"fr)‘[B’/\_'1"1(')‘
rl € (" 3_&!’1]‘ ~ N ~M \h _’ h r |'5¢_ d]l] - :fllh(">ll-l_ t q " ' B /\ _ ~ . n ' 1 c . ’ ~ { w > h )
[ ' 1 (Hafle & Meghe, 2013)
rl-"l -h'hlhl VB’*lhl v = v N v N v “B/\_A h—l
h >' < B! h AL B A" 1" §8 "hQashshSATO VI g
<" T hAC MB AL 1 B A “h T T hA  "BAL CHwAh O h A 7L
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h =~ B < B’ >’ h h = ! <w Y A h =~ B <8 ° >h vt ¢
1 7 h 8 ' ! h ¢ h ! h A ¥, " ¥ B B, B
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“h Y tCthhty 't *ho ot 7 T AN LA JURNT LT A AN Ry T oA b
AN L h< jh ¢hr h <~ S8, VA hoyt v om v
m-h _ ' A T<t 0 A L BT SWALA ¢ N
sw 7Y B <h* tc ! ! h ¥ ¢ Y 1 w>h ¥ 1 B A
t -l'qlh’\"‘h‘»v_'\/'h'\/')("l'é‘l O'O(DHL') 1 Y h _V/\ —V<
B <h® C oo ' h ~ h - <> Y Yy w>h Y S B A_
. ’ ] A t > e - t n & 1 c B (I‘ h t ,I t h Vr J_ZOA6"6— r1<<! <‘l >Awl /\c"ll N .
pn'>"¢ "h > hy NuCT T A At " >2016), [ . AT <7
2016)¢ h ¥ m._ . ¢ - (Eurépkan Committee for Standardization, 20D4) n & A
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e L ¢ h ¢ ST sY g tht h >t T s sh “A'h h
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[ " 18[YQT ¢ A®I HAHNDU
draf Ly Tevry rBeflaqn JBLBL, rnffes
1rifsnpnud | By lsul B} RGE BrdsuvcE BIREL| nrBlrfars
(MPa) fcm (%) (MPa) fr (%) GPa n OV
woo o< | - 44,90 - - 28,20
nZH: r
h j h
vr=. L - | 4510 0,45 : : 29,40
1h<
(1:3)
nZH: r
vh< j h
N~ - 45,90 2,23 - - 29,40
1h<
(2:2)
nXH: r]
vh < Cjihh
N~ - 45,20 0,67 - - 29,40
} h<™
(3:1)
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dbraf L vyl rrBref o BB rni{fes
1r¥fsnpnid | ByJfsul Bl R@E ByfsuvcE BIR@E | nrBlLLirs
(MP3) fcm (%) (MP3) fr (%) GPa n OV
nznm: r
h h
v <t ; 47,00 4,68 ; ; 30,60
1 h<
(1:3)
nznms r
vh< N
L - 47,70 6,24 - - 30,70
(2:2)
nzn: r
vh< N
1 h < - 47,00 4,68 - - 30,90
(3:1)
nzxzci: r
vh < Sihn
1 h < - 48,40 7,80 - - 31,10
(1:3)
nscs r
h h
vls. - 49,30 9,80 - 31,20
] <
(2:2)
nscs r
h h
MR - | 49,80 10,91 - - 31,60
] <
(3:1)
n Xy r
vh< 0N
e~ - 52,10 16,04 - - 33,70
(1:3)
n Xy r
uh < Cihn
N - 50,20 11,80 - - 33,50
(2:2)
n Xy r
h h
L=l - 52,10 16,04 - - 33,70
]l <
(3:1)
< 54 52,10 52,10
; 28 4590 47,00 47,70 47,00
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[ AN338Y ' .haAtSw ot B 1 ¢, "4w>h Y OHY
[ ' 1 (Alyuhi & Tomlinson, 2024)

draf Ly Tevery rrBef Lo LB rnffes
1r¥ifepnid Br{BUu|l B} RGE By {suvE Bl RE fI[BIIJFVBJ
(MPa) fcm (%) (MPQ) fr (%) (GPa n QY|
v - o - 41,8 0 - - 24,50
M ot v
vh<_ 1h - 47,5 13,64 - - 24,50
1h <™ ¢
MAr b v
vh< _ ih - 51,9 24,16 - - 24,9
1h <™
Y S O
vh< Joh - 52,7 26,08 - - 24,50
1 h<™
h I S R T T Fwy_ <7 o mSh T T_UT W SR vt QY
iptwhooov rl<h‘__""C'J/\""Fk"‘>y""“"'w"hB'h<B§H‘_V\
" 7 1 WBufopean Committee for Standardization, 2004)

I AMAr o' JRh. AmMaphg! Mh

Ach' 1ﬁ<" oM‘ffo:u‘ O H Y HSOh ' 1ﬁ<"
A TN
mo<' " _ " SfemBA_ T . " 6
rllq3.76Y ¢<l—-lq‘ll BA_VJ.‘I 1q"V{W>h_v
[ 4 (Aluhi & Tomlinson, 2024)
n- T <w Y AT > j A > 0)}12 oo Cl"l{" frg e e ¢ _"J‘ ’IVEZ\Eh ¢ h
! t A_ A . h < J h |(I‘>hh /\h !vql<l"l v I‘{ 1 18 <’l = gt ¢ n h
Viw>h_“|z ! T ooxim hw,éz—w;mh/\&<h&hh'>k M' A h A
AEALAACHh Tho st CA B AT A Tttt e gt
Come P
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, 30 26,08
- 24,16
= 25
w20
15 13,64
10
5
0
0
w’To<” M2 "V L AMAr v AL AMBNKR VT AL
Ch* 1he” SMY¥Y&xG _, OHYHO ' 1H<”
I T
—_—p<" TS femBA_ T . "6
n'CS_?\W IV“h""h_ rks¢_d’1'j“’_<'n(;ul BA_V*", 1¢"V{W>h_"

[ ' (Alyuhi & Tomlinson, 2024)

n- o . -~ h - h'_h',’vs' ™ _'h o l._ R A . h AT .
'<5I _‘I h/\h<v.l’|5| A AD E hAh <Y1 2 h oYM o’
>woao P8 <77 U26,0y3 7 X LA R 187 . ABT b
: >>8 7 " A A . h < . j ¢hh <‘,_5'5/\">"1V"‘ T "v_", wies T
‘,‘h_h"’/\"‘s'lq) B/\_"s_hz Yot h/\h<"1’5l MY o ¢
h/\_"l"z 'h"’“‘hy"‘/\ >'¢"_5’5I h‘v"‘s‘lz
“>'5","’h B"’shys_h‘ W/\_"/\h h - '~ _'/\ - v
‘Q"',{B>hz B A _ 1 8 A “h’*"‘/\ 1 81 Y >wAh 1 h _
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[ 7oAanh330y, [ TeTsr b <t Tt O fomg A TN w>sE ptt ot
T S N <BE AT T T LW > B v B A
11 IB BIRrRaEVEL ¢riJJiraer Birlev
— 1n 1uvn1 e rn [ B[ &2
= A _‘n_‘m_,n_‘m_,n_‘mmm_,nmmmnmmmm
T 2 C e o3 Y v v v Vi v|<v Vi< v|[<Sv|<v|<v
. > B e I ! I Y e [ Y o ! e B e
- = oo 2l (W W W [N g [ [ W [ [ [ s
. — - 3 = |2 |2 |= 2 = s |[E. |8 |E_ &
< v o — — — — — — — — — — — —
— E=d -
Shelendra Kumar,
Abhinav Agarwal, C 25/30 (40) 35,40 0,56 2,26 | 5,56 | 4,24 | 0,28
Vipin Chauhan
Igrar Hussain,
Babar Ali,
Taugeer Akhtar, C 25/30 (400) 33,60 4,76
Muhammad Sohail Jameel,
Syed Safdar Razac
n<wa' r T>AT AT
[ hana L C 30/37 (65) 38,71 -0,46 3,2
n<wa' r>>n" n"
hoan o | CB30/37(100) | 3871 6,23 10,98
Alina Pietrzak C 35/45 (180) 46,70 -0,21
Alina Pietrzak C 35/45 (200) 46,70 |[-1,07
Alina Pietrzak C 35/45 (260) 46,70 0
Alina Pietrzak C 35/45 (350) 46,70 1,71
Alina Pietrzak C 35/45 (400) 46,70 0,64
Alina Pietrzak C 35/45 (520) 46,70 -15
Alina Pietrzak C 35/45 (560) 46,70 4,5
Alina Pietrzak C 35/45 (630) 46,70 5,35
Alina Pietrzak C 35/45 (820) 46,70 0
Ravindranath Gupt,
Shashivendra Dulawat C 40/50 (12mm) 51,89 2,95|11,99| 20,02
VS YA e 4060 (50 48,33 19,2
Andrea Kacapari (50) ' ’
VOO YA om0 (110) | 48,33 4,84
Andrea Kacapari (110) ' ’
Igrar Hussain,
Babar Ali,
Taugeer Akhtar, C 40/50 (400) 47,70 3,14
Muhammad Sohail Jameel,
Syed Safdar Razac
A N Rudresh,
P Shashank C 50/60 (12mm)| 59,69 -9,42| -3,7 [-0,72
[ ® Wdzf 5 y X
B. Zarate, C 55/67 (9mm) | 63,76 14,29| 56,29| 31,37
M. Silvera,
F. Campos
.Sfte12 vYzas
Sergii Kroviakov,
Andrii Mishutin, C 55/67 (86,6) 65,40 -0,46 1,99
Andrii Poltorapaviov
;S8teal2 yvYzas
Sergii Kroviakov,
Andrii Mishutin, C 60/75 (86,6) 70,80 0,99 1,69
Andrii Poltorapaviov
;8tel2 vYzas
Sergii Kroviakov,
Andrii Mishutin, C 70/85 (86,6) 78,30 0,77 -1,66
Andrii Poltorapavlov
OF 0 B <' 17 0t KRO ¥ Ah' ¥ <~ _ >" T 6to <h' L' h>w ” 6RO
n_._<WVA S B i Ao h N Yt g g Y ‘J,,
Thoewt,or T T StV B A AT T T Bh A ST oo
- h SRy g ¢ w A h ZJ-W<.‘ - K PR n_B,.
¢Ch i3 Y7 8 Y Y 1L w>h Y ¢ >Sh > AB h * > B
YT <M T T uwsh o h < AN Kp AT P
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I LA B T O T T L wsho

h > ' s$'h *" sShg ' |, >w A" >V 1B A ¢ h h AY >
T4 v h ot b

R - R
i lAas [ CHBR. <e A
1,99
1,66

oz I as [ lBB6 <69 "

W2 IAs [ 286 <s AT

0,99
-0,46
ME Pz loAas o [ITYTSBNGT jor7
-0,724,76
vz 1oae T SR 56,29
056 1098 314
nzTpz Ias 1429 <8 A 7
-3,7
-0,46
B ;oA (e
. 6,23
0.42 19,18
nToz Ias [ 7772002 AT T
NZH: 1as 71199 <8 A7 T
nIM: 1 Aas 2095 <8 AT
’ o 0,64 5,35
151,07
nzam: doas SR
.0,21-01,71
-30 -20 -10 0 10 20 30 40 50 60
rs _hi <" o<
BA_ " " ¢ fem (%)
m C 25/30 (40) C 25/30 (400)  mC 30/37 (65) m C 30/37 (100) = C 35/45 (180)

m C 35/45 (200) C 35/45 (260) C 35/45 (350) C 35/45 (400)  m C 35/45 (520)
= C 35/45 (560)  m C 35/45 (630) C 35/45 (820) C 40/50 (12mm) = C 40/50 (50)
mC 40/50 (110) mC 40/50 (400) mC 50/60 (12mm) = C 55/67 (9mm) = C 55/67 (86,6)

T3 s M <t AL T(EM){ T, T awexh pt R TR T A
J"V_ <*5/\’v‘ B IAW" > B _v B/\_"_V‘LV w”
n- " "h h v ' " h~ < ' 1 >" ey - v LY h >
s h'y x * h ¥ B < B > h Y ! h ! i B < o, !
Yiws>h Yo JaAas > ' <’ Y <'1Y fkR
> T o< ! e < 7 ¢ SO AT ST AAT T oA
Y _ - > v oA A A E > Ah' h - Nz Ho:
<|| h/\_v;"
B [ Ah4Qh s ° onds >hs h T T YEth BT ht A MY 7
4w >ho oY > ' A T 7T >t R
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Jalal Akbar‘l.
Amirhossein Abed

C 20/25 (62,5)

22,83

33,71

47,38

Mostafa A. Kamel

C 20/25 (64)

13,12

35,47]

Igrar Hussain,

Babar Ali,

Taugeer Akhtar,
Muhammad Sohail Jameel,

C 25/30 (40)

9,52

Syed Safdar Razac
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14,39
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Jalal Akbari,
Amirhossein Abed
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Hiren Kamani,
Prof. Amitkumar Raval,
Dr. Jayeshkumar Pitroda

C 30/37 (50) 41,19
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Helmi Alguhi,
Douglas Tomlinson

C 30/37 (54) 41,80
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Mohammad Nasir,
Mohamad Taher ,
Mohamad Yusri Aman,
Muhammad Asmawi Mohd
Ayob,  Shahrul Niza Mokh
Hazirah Bujang
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Hongjie Lv,
Lijuan Li,
\Weiping Zhu,
Xiaohui Li,
Daochu Wang,
Zao Ling,
Pandeng Feng,
Feng Liu

C35/45(43) | 44,90

3,12
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Jalal Akbari,
Amirhossein Abed C 20/25 (62,5) 3,96 8,59 47,73 71,21
Igrar Hussain,
Babar Ali,
Taugeer Akhtar, C 25/30 (40) 3,50 48,57
Muhammad Sohail Jameel,
Syed Safdar Razac
Jalal Akbari,
Amirhossein Abed C 25/30 (62,5) 4,91 8,15 50,31 72,71
Mohammad Nasir,
Mohamad Taher ,
Mohamad Yusri Aman,
Muhammad Asmawi Mohd C 30/37 (65) 2,60 7,69 26,92 | 30,77
Ayob, Shahrul Niza Mokhatg
Hazirah Bujang
Igrar Hussain,
Babar Ali,
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Muhammad Sohail Jameel,
Syed Safdar Razac
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Shangwei Wang,
Haitang Zhu,
Fan Liu, IAT T <y
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Jalal Akbari,
Amirhossein Abed

C 20/25 (632)

Shrikant Harle,
Prof. Ram Meghe

C 20/25 (857)

9,38

Mohammed Mukaram,
Mohammed Khaja Moin Uddir|
Mir Musaddiq Ali,
Mir Firasath Ali

C 25/30

14,93

36,1

2

7,76

Jalal Akbari,
Amirhossein Abed

C 25/30 (632)

37,12

12,8

14,74

-1,62

Shrikant Harle,
Prof. Ram Meghe

C 25/30 (857)

36,60

16,01

Igrar Hussain,

Babar Ali,

Tauqgeer Akhtar,
Muhammad Sohail Jameel,
Syed Safdar Razac

C 25/30 (400-120!

33,60

6,85

Helmi Alguhi,
Douglas Tomlinson

C 30/37 (67)

41,80

9,09

12,44

13,54

Shrikant Harle,
Prof. Ram Meghe

C 30/37 (857)

41,50

17,01

Yogesh lyer Murthy,
Apoorv Sharda,
Gourav Jain

C 30/37 (2000)

38,00

2,92

4,08

6,42

Helmi Alguhi,
Douglas Tomlinson

C 30/37 (mix of §
G) (1:3)

41,80

13,64

Helmi Alguhi,
Douglas Tomlinson

C 30/37 (mix of S
G) (2:2)

41,80

24,16

Helmi Alguhi,
Douglas Tomlinson

C 30/37 (mix of §
G) (3:1)

41,80

26,08

Hongjie Lv,
Lijuan Li,
Weiping Zhu,
Xiaohui Li,
Daochu Wang,
Zao Ling,
Pandeng Feng,
Feng Liu

C 35/45 (1286)

44,90

6,01

3,34

Hongjie Lv,
Lijuan Li,
Weiping Zhu,
Xiaohui Li,
Daochu Wang,
Zao Ling,
Pandeng Feng,
Feng Liu

C 35/45(mix of S
G) (1:3)

44,90

0,45

4,68

7.8

16,04

Hongjie Lv,
Lijuan Li,
Weiping Zhu,
Xiaohui Li,
Daochu Wang,
Zao Ling,
Pandeng Feng,
Feng Liu

C 35/45(mix of S|
G) (2:2)

44,90

2,23

6,24

9,8

11,8

Hongjie Lv,
Lijuan Li,
Weiping Zhu,
Xiaohui Li,
Daochu Wang,
Zao Ling,
Pandeng Feng,
Feng Liu

C 35/45(mix of S
G) (3:1)

44,90

0,67

4,47

10,91

16,04

Igrar Hussain,

Babar Ali,

Tauqgeer Akhtar,
Muhammad Sohail Jameel,
Syed Safdar Razac

C 40/50 (400-120

47,70

9,43

Mahmoud Mazen Hilles,
Mohammed M. Ziara

C 50/60 (1357)

57,85

5,63
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14,68

15,13

Minu Lee,
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MC~ N _ 225.877 206.413
MT ™ N _ 231.523 211.573
My~ N 237.312 216.863
MG~ N 243.244 222.284
HN™ N _ 249.325 227.841
HM™ N _ 255.559 233.537
HH ™ N _ 261.948 239.376
HO ™ N._ 268.496 245.360
HN™ N _ 275.209 251.494
Hp ™ N _ 282.089 257.781
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8000
o000 ¢ J
5000
5000
T
> 2000
2000
e L i3
0 A
-4000  -2000 0 2000 4000 6000
X (mm)
n'€4xp’ > h @, a Y 6§ CRKIAL AT o >h Y
JOARESBAN S CSh BT IEThY gt BV AL AL o >h
Tires
Contact  Tire Load At Calculated
X {mm) Y (mm) Load % pressure  Vehicle Max. contact Shape Aspect Ratio
(MPa) Weight. ka) area )
2 [121920 (127000 |950 0,66 224075 003 Blipse v |1652
3 [121920 |000 9,50 0.66 2.240.75 003 Hipse v |1.652
4 8382 127000 |950 0.66 2.240.75 003 Blipse  ~ 1652
5 [83820 0,00 950 0,66 224075 003 Hlipse * {1,652
6 (121920 |736600 |1200 0.66 283042 0,04 Blipse v |1652
7 (43820 127000 {950 0,66 224075 0,03 Hipse v 1652
8 [121920 |127000 |950 0.66 224075 003 Bipse v |1652
5 [-83820 0.00 950 0,66 224075 0,03 Hlipse v 1652
10 12120 000 9.50 0.66 224075 003 Blipse v |1652
1. " A n4 9 >t oAy A b > B ¢ AT . - >h
R SR R LA _h s LA 1t h 7 AT 'T>ss’rht bt
h v' ¥ <" gvaluationpoings).
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2000
’ 0
6000 Tires
n Calculation flag
4000 # Overlapping Tire
0 Tire
2000
"w| o Points
0 - ?. @ Evaluation Points
-2000 .
-8000 -4000 0 4000 8000
X (mm)
n' ¢ 44yh | ' >’ h Rv' Y <

U 1

Vo0 h @ vy v e T

Evaluation Points

X mm) Y mm)
121920 7.366,00
102870 1.270,00
102870 635.00

3345 1.270,00
83820 1.270,00
5 L

—t



20000
.]4 l1
15000
.:EE
L] iB
=
E 10000
=
5000
g
0
-10000 0 10000
X (mm)
n'<4eyh ' >8> h pn-h " T TH T ogip "BV -n.hA
[ OANg4B AN < SR Yt ECHR VAN AT B T T T
Tires
Contact Tire Load A Calculated
X {mm) Y {mm) Load % pressure Vehicle Max. contact Shape Aspect Ratio
(MPa) Weight. ka) area (m)
121920 | 18.923,00
2 121520 1361440 |575 0.76 266032 0.04 Blipse ~ 1652
3 121920 1234440 |575 0.76 266032 004 Blipse ~|1,652
4 (121520 1.270,00 575 0,76 266032 0,04 Elipse ~ 1,652
5 121920 (000 575 0.76 266032 0,04 Blipse + |1,652
6 83820 1361440 |575 0.76 266032 0.04 Blipse > 1652
7 831320 1234440 |575 0.76 266032 0,04 Blipse v 1,652
8§ (83820 1.270,00 575 0.76 266032 0.04 Blipse ~ 1652
9 83320 0,00 575 0.76 266032 0,04 Blipse ~|1,652
10 |-83820 1361440 |575 0,76 266032 0,04 Elipse ~ 1,652
11 [-83820 1234440 (575 076 266032 0.04 Blipse ~ |1,652
12 |-838.20 1.270,00 575 0.76 266032 0.04 Blipse v 1652
13 |-83820 0,00 575 076 266032 0,04 Elipse v 1652
14 |-1.215.20 1852300 |4.00 0.76 1.850.66 0.02 Blipse ~ 1652
15 -121920 1361440 (575 076 266032 0,04 Elipse 1,652
16 |-1.215.20 1234440 (575 0,76 266032 0,04 Blipse > 1,652
17 121920 127000 |575 0.76 266032 004 Blipse 1652
18 [-1.21520 | 0.00 575 0.76 266032 0.04 Blipse ~ 1652
1. A n' " Ah poT ' > AT A_ N > 6
T Y <Yt s . A h > B, A 1t h Y
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Az

hv' Y <SGt deb2adyylidd
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2000 { 1 ‘ < 0600 (129740
W |14
WA | 13614
15000 ‘ o 1361440
Tires
09 , 16090 | 06790
_ wln u Calculation flag
E ¥ Qverlapping Tire
}101:00 0 Tire
Points
= 0 Evaluaton ains
"N
0
20000 10000 0 10000 2000
X (mm)
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O pwzooye — (4.1)
- ¢ - ~ ~ ~
n <w T AZ Heukelon®? '>s858 ¢ “°'A>" " } >wo
> " h By h  * ¢mn * o >- Y 7 8’ Ah 1 AB h
' ' - '
B o v e
O pm®OO ¥ (4.2)
E =~ .ow h " , h’ AB h * A h . Bt 1 ' h?”
<~ _ T OTOC LA CB%S—MFEAEEBV‘_‘V>WVI’BI h =" <7
A h =Yg v, " B A B, h  * ¢Y <" ¢ -7 Y ¢ B
< to¢ o N co_ v W T ph o CD
I’/\h47‘5hrlh_'1“”|5| n{h)'ﬁ‘_/\1<‘¢_/\
Max. TTuKwG- Mapatnphioeg
TNTD KaTd TNV wg TTRpOg Ty
KI{:T"I\"O' TROTTOTION- r!EP'EKT" SuvardTnra
pia 5a- KopakTnpIoTIKG Opia nuévn Somipr CBR" KOTNTA OF | xpnoiporoin-
Ll LCali] MO0 TULTTORKVLOTG opYy - orig Toug yia
uAMKOU Y Atterberg Ky p/p3 WG ETTIXpaTa
Mowndeg vhiKd HE
HEYITTN SKaocTaon
kdkkou D = 200 xhoT
E1 Kol TTEPIEKTIKOTNTa Ot | LL < 40 1y = 3 kol
kokKkoug 200 = D = 150 Sioy Koo .
WAGT LEXPI 25% LL = 65 kau = 1.600 - 39 = 3% ATTobekTd
MeéyioTog Kokkog =100
xAoT =5 kol
. o . . e
E2 Suepxopevo % and No| ) 40 =~ 1.940 Bl < 1% KaréAAnAo
<2%
MeéyioTog kokkog =80
E3 XhaT LL < 30 - > 10 ke
25?202}155;60 % amd No Sy Kwon ™™ 0% ETtridekTo |
Pl < 10 =0
MeéyioTog Kokkog =80
E4 *hoT LL < 30 > 20 ke
25?202“;;60 % amrd No - ﬁlé\,-r(uac'q" 0% EmridexTo 11
Pl < 10 -
EO Edagikd ulkd TTou SeEv aviKel OTIg QAAES KOTNYOoPRIEg Axaradhnio
LL = Opio YEiapoTnTag E 105 - 86 Method 5
Pl = AeikTng MNlaocTikaTNTag E 105 - 86 Method 6
No 200 = Koowkivo Trng Apepikavikrhg oeipdg TTpoTUTTww KooKiview AASHTO M-92
avoiyuaTog
Bpoyxidag 0,074 xAoTt
"CBER = Tipr Tow Kahlipopviakod Adyou @épouoag lkavoTntag Tmou TTpoodiopifeTtal olpguva
HE ™ pEBodo 12 Twv Mpodiaypagpuy Epyactnpakuy Aoxkipwy Edagopnxavikrg (E 105-
86) ETTI SOKIPiWY CUPRTTUKVWEEYTWY oTo 90% Tng HEYIOTNG TTUKVOTNTAS Tng TpoTmoTToinHEVng
Hoxiprig Zupmmiukvwong (MEBodog 11 E 105-86) pe mn BEATIoTN uypaoia kol HETA aimo
uSpeEpTTOTIoNG 4 nuepwv. Kat' efaipeon e "oipevrwpéveow” eSSy KAl yio Epya OE
SpUYPd, VI ToOV UTTOAOYIOUO TN PELOUCOS IKAaVOTNTAG TNg "UTToKEILEVS oTowang”
oSooTRpWHATWY Ba YivETal CUNTTANPWHATIKG Kol TTpoodSiopigpos Tou CBR pe Soxkiyn " emi
romou™
= Kata mn Soxip CBR
e = Oa mpooSiopigBei ye TN pEBodo Tng "uypnc ofeidwong” (AASHTO T 194)
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Shelendra Kumar,
Abhinav Agarwal, C 25/30 (40) 3,90 6,30 21,15
Vipin Chauhan

Igrar Hussain,
Babar Ali,
Taugeer Akhtar, C 25/30 (400) 3,50 4,20 20,00
Muhammad Sohail Jameel,
Syed Safdar Razac

Ravindranath Gupt,

Shashivendra Dulawat C 40/50 (12mm) 7,42 7,96 7,28

Igrar Hussain,
Babar Ali,
Taugeer Akhtar, C 40/50 (400) 4,60 5,80 20,69
Muhammad Sohail Jameel,
Syed Safdar Razac

[ @ Wdzf sy 2
B. Zarate,

M. Silvera,

F. Campos

C 55/67 (9mm 48,51 66,60 37,29

¢Stal12 Yz2az
Sergii Kroviakov,

Andrii Mishutin,

Andrii Poltorapavlov.

C 60/75 (86,6 6,17 6,82 10,53
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Jalal Akbari,
Amirhossein Abed

C 20/25 (62,5)

3,96

Igrar Hussain,

Babar Ali,

Taugeer Akhtar,
Muhammad Sohail Jameel,
Syed Safdar Razac

C 25/30 (40)

3,50

52

48,57

Jalal Akbari,
Amirhossein Abed

C 25/30 (62,5)

4,91

8,48

72,71

Mohammad Nasir,
Mohamad Taher ,
Mohamad Yusri Aman,
Muhammad Asmawi Mohd
Ayob, Shahrul Niza
Mokhatar,

Hazirah Bujang

C 30/37 (65)

2,60

34

30,77

Igrar Hussain,

Babar Ali,

Taugeer Akhtar,
Muhammad Sohail Jameel,
Syed Safdar Razac

C 40/50 (40)

4,60

71

54,85
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Amirhossein Abed (
Jalal Akbari
R L C 25/30 (632 491 7,13 45,21
Amirhossein Abed (
Igrar Hussain,
Babar Ali, C 25/30
Taugeer Akhtar, 3,50 4,6 31,43
. (400-1200)
Muhammad Sohail Jameel,
Syed Safdar Razac
hrikant Harl
Shrikant Harle, C 30/37 (857 412 4,78 16,02

Prof. Ram Meghe

Yogesh lyer Murthy,
Apoorv Sharda, C 30/37 (200Q) 4,10 5,3 29,27
Gourav Jain

Igrar Hussain,

Babar Ali, C 40/50
Taugeer Akhtar, _ (400-1200) 4,60 52 34,78
Muhammad Sohail Jameel,
Syed Safdar Razac
T. Sai Kiran C 50/60 (857 6,61 8,47 28,14
Mahmoud Mazen Hilles

. ’ C 50/60 (1357 6,35 9,68 52,44
Mohammed M. Ziara ( )
Minu Lee,
WIFE AYS al G mtCl| C70/85(40) 6,90 10,2 47,83

Walter Kaufmann
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[ OANGIBL N T h RS g

OYUEA O WESS

1 ¢

~

Vet TRUSIBAXAE! A ho i 1
"4 >h [ Hpkon w <7
| Parameter Pairt 1 Point 2 Port 3 Pont 4 Port 5
=
¥ Coord. m) |TI660E=003 127004003 |63S00Es02 | 127004003 |12700E+D03
2Coord. ) |a06ig002  [20624E0002 206264002 [20624E4000 | 2062464002
SessX(MPa) | TOSEQOT | 78S5E001  |SBO0GEQD | S7IEQ | 94TTEON
SressY(MPa)  S992E00)  91IUEQDT  LNETEQO] | 939ED0T  |-93SS4EQ01
SressZ(MPa) | LIGGEQQ2  |1S20E002 | 1AMBEQR  |1SME02 201702
Shear Stess XZ (MPa) 126036006 |89MEQD7  |30S46E07  |BITEQH  |-30715E003
Shear Stess YZ(MPa) 436436005 |1S2EQ03  OTMEQDS  |190B9E003 187226003
Shear Sress XY (MPa) | J0300E004 | 10G40E004  |6B0SIEQ0S  |1MSIEQR2  |-258896002
Sran X |-19019E005 | 204885005 | 21046005  |234MEQ5  |-25508E005
Stain Y [ 1BSEQS | 2507EN5  |ABEQN | 256TIES  |25166E005
StanZ 7.0335E-006 GMEQ06 |420%6E006 | 92516E006 !
ShearStanXZ  9,1589E011 SWEQN 22200011 |6S212E008  |-2.2321E407
ShearSrmnYZ  3I7IGE0D 1926007 | TAEQI0  |1367E007 136056007
ShewrStanXY  2241E008  |TIE03  |4MB4EQ0D | 9ABMEQDT  |-18814E006
Xfm) | SEBTEQE 225056006 | 122MEQ06  |205626003  |44424E003
Yem) 89MEQM  S768E00D  |ANGTEQS | STIME0N | S6919E003
Zem) 107601 [29065E001  [30SO7EODN  [297IEQ01  |204ME0N
Proc. Stess |(MPa) |11GGEQ02 | 1S24EQ02  |14MBE002  |199MEQQ2  |20133002
Proc. Stess2(MPa) | G99B0EQ01 | 78255E001  |LVGTEQDI | 8TGBSE01 |9 MB4EQ01
Pic Sress3(MPa) |TOSITEQDT  |91RSE001 | 6BO0IEQ01 | 9427001 |-9678%E001
Prnc. Sran 1 70056006 BG4S0E006  420%EQ06 92518E006 |9.5609E006
Pinc. Sran 2 | 188256005 | 204806005 | 3BO7E007  |2%EMS | 2413005
Prnc. Stran 3 |1o020£005  |25057E005 | 21026005 [ 25m0E005  |-26M41E005
Max Shear Stress (... 358526001 |46625E001  |34724E001  [48111ED01  [4S404ED01
Oct Nomsl Sess (. |4G4T7E001 | -SSRBSEQ01 | 259156001 | SSYMEQOI | 6.2085E001
Oct ShearSress (M. | 306756001 | 41224E001  |3024E001  |43%00E001  |45380E001

[ ooAahgd [ h "N >7 7, o8 ERWTA LA IRIEwW90Y ! h B
1.7 '"4E8>h [ Hpkon w’ <7
Wom O wess Port 2 Port 3 Port 4 Port 5 Port
T0R0ED0 |SITMSER  BIAEND  |O000EAND  |-16125003
TI.pro Bey | tets | P i 1MEAN | IBMEAN  1BUEM | 1UEDN | 206MEW0H
) W2 N0 |05 |PatalyBnded : {IENES0 |04 PINEAD OGNS, 00 AD
= £ . = e SressXMPa)  |SAWEEQDN | JAEON | SSBEQD  0VEN  [SSMIER 129700
Nl Sbgade | 1016 100 04 WA S Y 4P ABEEN  [ANGEW | LGSIE0 | LINIEG0  |SIME |ASH1E0R
SeZMPa  (20WIER  1STSEOR  |2URSEQR  2NGEQ2  [SXGIEND 1756006
Shew S XZMPa) |SOEADT | AASSEON | TONKEQDD  JMBEAD | JN06ED | TBNNSEN0S
SewSesZ0P)) 2100600 |LMGGEDS  |20SMEQDD  20S10EQ0D  [1OSEAD | 791%E005
SewSesXYMP)) 2200600 \VMEON | TAEOR  200NEAR | 9SNEOR  -SNENR
SanX 2207N5 | 2BENS | 2SVENS  20MSEAS | 2GIENS | 6SKEEND
S Y QRUENS | ASTMEQ | 2PMENS  27SEAS | SANENS | BSINEXS
SanZ AN ASSENS  [LOOREA | \EQDS  |SSNSEQ  S07EQ
SewSoniz  |[4BENN AMGIENR | TGSIEQS  20EAN |20 | SETMEXS
SwaSonYZ  [1SAEAT  SRUEDN  |ISIMEQD  TONSEQT  [TOTEAE | SREd09
SewSonXY  [1GWOEND  9WMEND | LWZENS  20MEAN | JOME06 LZMENS
Xem) [SOEANG  2SEOM  |2ZWEQD  AMSEOD  |10SNER | SATAEQM
(Dgocemert Vi) | SOGTEQDD | 2670E0M  |SONEAD  SIOIEQD | JGWSEND 160N
(DiocenertZiw) | JATEQDT | JSEON  MGHIEQDT  JAEQN  |25MEDN | GESOER
Pic Sres 10Pa) 2005002 |1STSEOR  |2TMEOR  2A0NEO2  [BTGIEAR 25854600
Pc Sres20Py) | SA%EEMN A0 | SSEQD 00N  [6IREAD 136006
Pioc. Sres 30P)) | SOSEAD! | JAGTEOD  |LZSE000  L0SEAD | 226606001 | SAUEQ
P, Sran 1 SAMENS  ASEQS  [IO0SEQS | 1OENIS |3V | 8507
P, Sran2 220705 ASMENT | 2S0MEQS  26MGEDS  |SMSGEQ  A0MGENS
Pic. Sran3 QRUENS | 2M0IEWS | 2MBENS | 20M0EDS | TSIENS | 400EQD
Mo Shew Sress (Po) [SORIEQON  |37010E001 |SASMEQD  SADMEQD  [1STEAD |171EDR
Oct Nomal Svess (WPa) | SOBSE0T | 281S0EQ01 | SSMIEQDN  GBOEQDT |40 SERENND
Oct. Shear Sress (NPa) |4 48756001




Joint/dowel information based on non-frost PCC thickness

Joint Spacing: m
Dowels
Spacing =
Lengtn o
Diameter: mm
R T T R AL R B
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3 0‘
- " Graph
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:g 0E o " Max. Cumulative Damage
< I . = Cumulative Suface [ 100 |
g - . — TRUCK. 5 AXLE at offset 106.7 cm
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0 ’ . . | fra,,
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Right Side Offset from Centerline (cm)
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0 e e Parameter Port 1 Port 2 Port 3 Port 4 Ponts
» 121964003 |10287E4003 102874003 |93MSE.002  |83820E4002
¥ Coord, fnm) 7366064003 |12700E4003  |63500E4002  |12700E4003  |1.2700E+003
Z Coord, gom) 179856+002  |17985E+002  |1798SE4002  |17985E4002 | 17985E4002
Stress X (MP2) SEIVEQD] | SEMOEQD] | 73TBED01  |-100B3E.000 |-1.1185E-000
Stress Y (MPa) 7929001 |-10850E.000  |3S207E002 | -1.1288E4000  |-1.1338E4000
Stress Z (MP2) 1SS0E002  |2MBAE002 16326002  |2M95E002 | 24%1E002
Shear Sress XZ(MPa) | 13060E-006 | 40830E007 316195007 162406003  |-380196003
Shear Sress YZ(MPa) 451726005 |208506003 111726005 |20706E003 | 2,02726003
Shear Sress XY (Pe) |25215E004  |8703E005 S74MEQ05 | 1740E002  |-343ME002
Stran X 23BI6EMN5 | 222486005 | 232026005  |-26625E005  |-3,0085E005
Srain Y 2369E005 | 3001E005 218036006 31006005 | -3.0639E-005
TRICK:3 NA.E 21 6 \ariee S Z BM62E006  |SOTES 4190E006 | 109026005  |1.1463E005
{Appbed Tonds | ShearSrainXZ  |9407EQN | -2%71E0N | 22978E0M 118026007  |-27628E-007
s X (mm) Y (rm) Load (kg) i ShearSranYZ  |32827E009 | 151S4E007  BNBSEQID 15047007 | 147326007
> 1219 7366 260 004 ShearSran XY |1834E008  |6329E009  41778E09  |-1.2646E006  |-249586006
2 121 e 2241 003 Displacement Xnm) | 219176006 | 11906006 40863E007 227156003 | 50461E003
3 1219 n 2241 003 Yinm) |63864E005 | 58621E003 | 14438E005 | SISE003  |-57446E-003
n 58 m 2241 00 Zgom) 14525E001 324686001  |33025E001 32365001 |31973E01
5 ™ 0 2281 003 Pinc. Sress 1(MPa) |15590E002  |23408E002 163626002 | 245026002 | 24978€-002
Pinc. Sress2(MPa) |-87928E001 | -8630EQ01 392076002 |-1.0059E+000  |-1.0910E4000
Pric. Sress 3(MPa) |B8IMED01  |-108S0E-000 | Z377BEQ01  |11313E000 | -1.1613E+000
Prnc. Srain 1 BRGE006  [SS7IBE006 | 41993E006 | 10903E005 | 114G4E005
Princ. Siran 2 23669005 | 222486005 | 20803E006 | -26535E005 | -29085E-005
Princ. Strain 3 23816E005  |-30301E005 23206005  |-31092E005 | -31641E005
Max Shear Sress (M... | 44946E001  |55421E001 377076001  |577885001  |5.93156-001
Oct. Nomal Sress (. | 5824E001 | 641676001 | 253646001 | 7O0M21EQ01  |7424E001
(Oct Shear Stress (M... (422606001 | 478916001 343166001 |5I781EQ01  |5441E001

[ A&7 (R h " h > T BERWTAL A IBICWI0Y 4 T
19, " 4E>h / HpkKONn 1A~ <" >wWAY > B ] As

Wom Owess Paraneter Pont 1 Pot 2 Pont 3 Pont 4 Pont 5 Port §
10876003 101604003 93MSES02 B3020EA02  |OO000ES000  |-16129E003
Y Coord. frm) T6UEQ  12079E004 | 16MEAQ04  136MEO04 | 16MED04 | 2063664004
2 Coord, frm) 17965EA002 | 1798SE!002  |17SGSEHD02 | I79BSEGO02  |1796SEM002 | 1,7985€+002
SressX(MPa) | 936IIEQ01 | BO3VEQDT 109086000  |-L227EW000 11206001 |1.1M8SE002
SressY(WPa)  -1IB36E.000 | 41085002  1Z3ME00  |-1243E4000  |1SSTOEQO1  |44303E003
SressZ(MPa)  2S47E02  |17B5E002  (267MER2 2706002 [BI2EN 191196005
Shear Stess XZ(MPa) S2196EQ07  |-I73E004 196N |4 MBIEND | 42UEQDT | S2697ES
ShearStess YZ(MPa) 22829E003  |27996E007  22669E003  |22196E03 | 10900E003  |68993E005
ShearStess XY (MPa) 17526004 |11135E004  -1G89E002  ATA7E2 | LIGOTEQD 144136002
- Srain X QMBENS | 25HTEDS | 20990EM5  [ANZENS  AIG0ENS  |334BE007
Sran Y JWQENS 24406006 | IIIENS  |[ABIEQS | 64291E006  |87060E008
THUCK S ALE 46 dJemos v SranZ TSIEQS  |ASMEQ0S | LINEQS  |125TE0S  |SARSEQD |7AGOGE008
ShearSan)XZ | 4SIEQN  |1257E008  13999E07 | 3014E007  |A08IEQDT |4 5561E9
\ ,.“’_;. X (mm) Y (mm) Load (kg) A,c:'_""_",, ShearSranYZ 16S0EQ07  20M6E01  1GATEQDT  [1GI0E007 | 7STOEQ08 |SOIE00
»—_ms 182 1851 02 ShearSranXY | 127BEQ8  (BOSVVEQ0S  1I4EQS  27I4EQ06 | S4MEEQS  -04TAEQ06
) 219 o 2660 00 Xfwm) 32206006 (322966004 | 24666E03  [SS029E003 | 107MEQR2  |36888E004
3 1219 12344 2660 004 ( Displacement Y fnm) | -6.0846E-003 294286004 -6.0525€-003 -5,9570€-003 -34792€-003 1,0803€-004
4 1219 120 2660 004 Displacement Z fnm) |3.7590E-001 3.8265E-001 3,7478E-001 3,7052E-001 2B467E001 6,6451E-002
5 9 0 2660 00 Pinc. Stess |(MPa) |25S01E02 178256002  26741E0Q2  [27E002 1526001 |22611E002
6 88 13614 2660 004 Princ. Stress 2(MPa) |-5.3631E-001 41082002 1096264000  |-11976E+000 | 6.2017E-003 -1,4606-005
7 ™ 12 2650 008 Proc. Stress 3(WPa) |-11B36E«000 | SO3VEQDT  |1Z30ES000  |-L2739E000 | 22550E001 | .99596003
Pnc. San 1 100506005 4SGMEQS L1005 | 125TEQ0S  |SBAIEQ06 | 74766E07
Prnc. Sran 2 Q40956005 24406006 28899E005  |A19E0S  SAIEQDT  |74620E008
Prnc. Stan 3 JU0EQS  |2567E005 | JAOISEQS  |AATMEQDS | TETREQ06  |-32811E007
Max Shear Sress (... 6O4SSE001 (410506001 |GIIBGEQ01 |GSOG4EQD | 18891E01  |14B04E002
Oct Nomal Stress (. | 696MEQDT | 27546001 | TSSBIEQNI | SI4TEQD] 2207002 |51986E003
Oct Shear Sress (.. 521566001 | 37391E001  |SESA7EQ01  |SOGSEQ01  [1SSS6E001 | 1.2638E402
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Joint/dowel information based on non-frost PCC thickness
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[P ANGIZ[h T h h > 5 e 1Y GRUCBAXAE A hg w1 '
1. 4> AT AEROYrAsn” ph < Joh
OYIEA Owess Parameter Pont 1 Pont 2 Port 3 Port 4 Port 5
» 1219264003 |10287Es003 10287403 |9334SEs002 | 83620E+002
Y Coord. fmm) 7,3660E+003 1270064003 |6, I 1
2 Coord. fnm) 1545464002 | 1.5454E-002 |15454E4002 | 154546002
Stress X (MPa) I24E000 | -94804E001 1162664000 |-1.33626+000
Sress Y (MPa) 121664000 1312564000 1382964000 |-14015E+000
Stress Z (MPa) 20986E002 | 230296002 30717EQ02 | 315196002
Shear Stress XZ (MPa) | 13367E006 | 423126007 2435E003 | 465196003
Shear Stress YZ (MPa) |46177E005 | 2.1748E-003 |21578E003 210796003
Shear Sress XY (MPa) | 212236004 | 7.2817E005 | 219756002 | 43186E002
Stran X ONENS | -23071E005 |3035e005 [ 357256005
Sran Y 302076005 371156005 |-38331E005 | -38098E005
StanZ 113086005 | 1.1631E005 13036005 |13971E005
ShearStanXZ  |97M40E01  |-30748E011  |23347EON | 176BE007  |-3.380SE007
ShearStanYZ  |33S7E009  |1SB4EQ07 | 82491EQ10 | 1SGBIEQD7  |1S31BE007
Shear Strain XY 1,54236-008 5.2916E-003 354936009 |-1,5969E-006 -3,1383E-006
2 1219 1270 2241 003 Diplocement X om) | 141836006 | 1.0099E007 | 462726007 | 2434E003  |5.7466E003
3 1219 0 2241 003 ( D Yinm) |55463E005 | 57138E003 | -16M9E005 | 568MED03 558546003
n a8 120 2281 003 D Zgwm) |1S178E001  |35461E001 3SSG0E001  |353EQ01 | 34825E-001
5 a8 0 2281 003 Pinc. Stess 1 (MPa) |20986E002  |29036002  |785006002 307256002  |31538E002
Prnc. Stress 2 (MPa) | -1.1216E+000 -9,4804€-001 1.8200E-002 -1,1604E+000 -1,3147E+000
Pinc. Stress 3(MPa) |-1,1245E+000  |-131256+000  |-78665E001  |-13851E+000  |-14230E-000
Princ. Strain 1 11308E005 | 11631E005 | 10356005 |13971E005
Princ. Stran 2 0076005 | -23871E005 J026EQ05 | -34945E005
Princ. Strain 3 A0NENS | 37N15E005 |-384108005 | -2.8879E005
Max Shear Stress (M... 572726001 | 6.7078E-001 [707926001  [7.27276001
Oct Nomal Stress (. |- 741686001 | -74385E001  |-2.29986001  |83828E001  |-9.0206E-001
5399E001 | SEB41EQ0T  |39439E001 621296001 | 66163E00N
s . . . v . . . ~ , .
[ ANG20:[ A N0 h> Lo 8 BRWTA LA IHGWIYOY h B
1 ¢ . "Le>h [ HpkoAa 1A T <" >WAT > 8
OYUEA O WeSs Parameter Port 1 Port 2 Port 3 Poirt 4 Poit 5 Port 6
» 108764003 |10160E4003  93MSE«002  |B3G20E.002 (0000000 |-1129E+003
¥ Coord. ) 136M4E004 120794004 | 136MEWD4 | 1LI6IEW04  [13614E004 | 20630E4004
2Coord. frm) ISS4EA02  |TSSAEAD02 | 1S4SAESD02  |1S4MEW02 | ISAB4E02  |1S4S4E4002
Stress X (NPa) Q067E00  BSEIGED]  12661ED00  |-146HE00 | 1GISOEQ01 | 954076003
Stess Y (WPa) AA6EA00  (STOMED02  ISMIEA00  |-IS4126000  |AT2I7E001 333096003
Stress Z (NPa) JI6BE002  1STEN02  [IBRENR  |J4EVEMR2  |STMENI |-26389E005
Shear Sress XZ(MPa) | $5OTTEQ07  20406E004  28751E03 | 5077EN3 46063 | SI611ENS
Shear Sress YZ(MPa) (237956003 | S6060EQ07  23611E003  [23067E03 | 10527EQM3 (62052605
ShearStess XY (MPa) | 14034004 92607E005 23696002 | 4OGBE002  |13IMEDOT |I4I6ED02
Stran X 25006005 | 27550E005 A2TEDS | ANENS  (6S2MEN6 | 2020E007
Stan Y 4054E005  67MTED06  4196E0S | 41BMEQ0S | 63MED6 | 79%1EN08
SranZ 126556005 |4271E06 14266005 | 15I0E005 | LMBIEQD7 | S4TIED0
Shear Stan XZ STMEON  4G0E08  2089EQ07 IS |IMUTSED |-A7S06EN0S
Shear Stan YZ VT |41BEQN ITISBEO0T 167626007 | 7GSN0EO08  |45083E008
, 1219 1892 1951 2 Shear Siran XY 10926008 [G720E009  ITMED06 | 34INED06  -9SAIGED0S  |9.299E007
2 0 e 2660 o Depocement Xfrm) 152126006 3541004 27029003 62656003 | 10GASED02  |199%ED04
3 1219 1244 2660 004 ( Displacement Y fnm) | -5,8602E-003 329836004 582506003 |-5.7206E-003 -3,09306-003 3.4096E-004
4 1219 2 2680 004 Zgm) |408SE01  4108E001  4OTIGE001 40MGSEQ01  [26903E001  |66IIEDN
5 1219 0 2660 I Pinc Qress1(MPa) |31629E002  B707IE02 (346N |J4SE0EN02 | 22506001 184956002
5 ) 13614 2660 004 Pinc Sress2(MPa) |L067EW000  1SB27E02  |-126IBED00  |-TAAGAESD00  |SETIE003  |-26667E005
7 ) 12 2660 I Pinc Sress3(MPa) | -L46EW000  BSGIGEQ01  |-ISI6IED00  |-ISGASE.D00 | 21SS9E001  |50148E003
Pinc. Stan 1 126556005 (G7MTEQ06 | 1426E005  |15%IE005  |BIOMEQ0S  |60B24E007
Pinc. Sran 2 250006005 (427MEQ06  |A20EQ05 | IBMEED0S | 140NEQ07 | 64T28E008
Prnc. Sran 3 40S48E005 | 2TSSREQNS  |42079EX05 42796005 | TS0SGED06  |-24597E007
Max Shear Sress (MPa) | 73211E001 471625001 | 774%4EQ01  |7951E001 22006001 117556002
Oct Nomal Stress (MPa) |S0S20E-001 | 249766001 | 915556001 | 952096001 |SI012E003 |44844E003
Oct Shear Svess (MPa) (61723E001  |42967E01  G788E001 727556001 | 179B8ED01  [1014EQ0
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Joint/dowel information based on non-frost PCC thickness

55457 »

]
]
F]m

Joint Spacing:

Dowels
Spacing:
Length:

Diameter:

——

f

137

ChrEr T BTsoAN{  bh ke
IS D<M wp Ko NN

AR G L

A pths>m ot wv > AN
L ethT 4 eiEkaeemT v o<
Vr;l {!h V>||

B 1 C25/300 A3 T <" >"g> el

—t

+

1.

















































































