Theoretical Analyses to
Determine Risk of Buckling






Develop cncBuckle

e Buckling develops because of horizontal
compression in the UTCRC

e Risk of buckling = Compression due to
expansion (high temp. and humidity) >
tensile stress due to shrinkage (high water
content, fines, drying out)

e Interaction with support, reinforcement,
variable cross section etc. complicates
analysis: Finite Element Analysis



EcncBU ¢ ]
WELCOME CONTROL | WHAT IF |

Variable [Min | Best [Max | Erim...|

v
1 |wat. m3 : 175 186 DISTRIBUTION OF SAFETY FACTOR SF
7 |agge, % 57 60 63 100 ; '

3 |t MPa 9 [ |13

4 [hum, % 30 55 80

5 [T.degC |15 |30 |65

6 |Unassigned |2 25 3

7 |h.mm 48 51 56

8 |hhoney, mm |0 0 120

9 [hhump, mm |0 o .

10 [Bond 1 2 4

C |Constant WValue

1 |t, years

2 [Ls.m 200

3 |Gradl, % |45

4 |hedge, mm |0 Risk of SF=1:

5 |alpha 9.0e6 | @

Probahbility of SF being Less-Than, %
9, ' 45 Jo Aouanbai) anelay

Safety factor SF

Identify your case here
Ave SHR: 421.692 STR: 56.782 STS: 20.350 SF: 3.342
Std SHR: 71.034 STR: 14.635 STS: 8.048 SF: 1.615
Sims: 0.5 mill. Risk{SF=<1}: 1.155%
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WELCOME | CONTROL WHATIF

- ITEMS

® wat

(" agar

(" Unassigned

( hhoney

(" hhump

(" Bond

(" |Grad|

" hedge

(" alpha

Safety factor, SF

15

_ SLAVIK s o %
Priri:
INFLUENCE OF wat OM SF WITH 'BEST VALUES AS OTHER INPUT
80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 250 300

wat, I/'m3

e Safety Factor SF e=—SF =1
Range of wat - Lowest: 80 I/m3; Low: 120 I/m3; High: 250 l/m3; Highest: 300 I/m3
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WELCOME | CONTROL WHATIF

- ITEMS

" wat

agar

hum

hhoney

hhump

Bond

Ls

|Grad|

hedge

alpha

Unassigned

15

INFLUENCE OF T ON SF WITH 'BEST VALUES AS OTHER INPUT

Safety factor, SF
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T.degC

Safety Factor SF e==—=5F =1

Range of T - Lowesi: 0 deg C. Low: 10 deg C; High: 65 deg C. Highest: 70 deg C
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WELCOME | CONTROL WHATIF

- ITEMS

Priri:

" wat INFLUENCE OF alpha ON SF WITH 'BEST VALUES AS OTHER INPUT
15 T T T T T T T - - -

(" aggr

(" Unassigned

Safety factor, SF

( hhoney

(" hhump

(" Bond

(" |Grad|

0 T * ; T t * T T * * T T T * T
0.000005 0.000005 0.000006 0.000006 0.000007 0.000007 0.000008 0.000008 0.000009  0.00001 0.00001  0.000011 0.000011 (0000012 0.000012 0.000013
alpha,

" hedge

e Safety Factor SF e=—SF =1

(@ alpha Lowest: 5.0E-06; Highest: 1.3E-05
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WELCOME | CONTROL WHATIF
— [TEMS

Priri:

" wat INFLUENCE OF hum OM SF WITH 'BEST VALUES AS OTHER INPUT

(" aggr

(" Unassigned

Safety factor, SF

( hhoney

(" hhump

(" Bond

(" |Grad|

0 SRS WSS (A [N TN T S SR
i L 10 15 20 25 30 L 40 45 i) 55 60 65 70 75 80 85 90 g5 100
hum, %

" hedge

e Safety Factor SF e=—SF =1

R Range of hum - Lowest: 0 %; Low. 10 %, High: 85 %, Highest: 100 %
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WELCOME | CONTROL WHATIF
— [TEMS

Priri:

" wat INFLUENCE OF h ON SF WITH 'BEST VALUES AS OTHER INPUT

(" aggr

(" Unassigned

Safety factor, SF

( hhoney

(" hhump

(" Bond

(" |Grad|

0 R R R I
30 32 34 36 38 40 42 44 46 483 50 52 54 56 58 B0 62 64 66 63 70 72 74 76 78 B0 82 B84 86 8 90 92 94 96 98 100
h, mm

" hedge

e Safety Factor SF e=—SF =1

R Range of h - Lowest: 30 mm; Low: 40 mm; High: 70 mm; Highest: 100 mm
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WELCOME | CONTROL WHATIF

- ITEMS

" wat

(" aggr

(" Unassigned

( hhoney

(® hhump

(" Bond

(" |Grad|

" hedge

(" alpha

Safety factor, SF

15

INFLUENCE OF hhump ON SF WITH 'BEST VALUES AS OTHER INPUT

Priri:

5 B 7 8 9 10 " 12 13
hhump, mm

e Safety Factor SF e=—SF =1
Range of hhump - Lowest: -0 mm, Low: 0 mm; High: 10 mm; Highest: 20 mm
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WELCOME | CONTROL WHATIF
— ITEMS

Priri:

" wat INFLUENCE OF hhoney ON SF WITH 'BEST WALUES AS OTHER INPUT

(" aggr

(" Unassigned

Safety factor, SF

(® hhoney

(" hhump

(" Bond

" |Grad| ! ! ! T "

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T URARAEERALEA] y T T T T T T T T T
01 2 3 4 5 6 7 B 9 1011 1213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 &
hhoney, mm

" hedge
e Safety Factor SF e=—SF =1

(" alpha Range of hhoney - Lowest: -0 mm; Low: 0 mm; High: 20 mm; Highest: 50 mm
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WELCOME | CONTROL WHATIF

- ITEMS

SLAVIK_ (19 e e

Priri:

" wat INFLUENCE OF hedge ON SF WITH 'BEST VALUES AS OTHER INPUT

(" agar

(" Unassigned

Safety factor, SF

( hhoney

(" hhump

(" Bond

(" |Grad|

i 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 R00
hedge, mm
® hedge

e Safety Factor SF e=—SF =1

¢ dipha Range of hedge - Lowest: -0.00 mm; Highest: 500 mm
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WELCDME' CONTROL WHATIF
— ITEMS

Priri:

" wat INFLUENCE OF t ON SF WITH 'BEST VALUES AS OTHER INPUT

(" aggr

(" Unassigned

Safety factor, SF

(" hhoney

(" hhump

(" Bond

(" |Grad|

S i
1 2 3 4 5 6 7 8 9 10 11 12 13 14 156 16 47 18 19 20 21 22 23 24 25 26 27 28 29 30 M 32 33 | 35 36 3IF 38 39 40
t. years

" hedge

e Safety Factor SF e=—SF =1
(" alpha Range of t - Lowest: 0.5 years; Highest: 40 years
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Implications

FEA indicated that normally shrinkage stress
would be high enough to absorb any expansion

Relaxation of tensile stress must have occurred
Variation in thickness most critical

Weakness such as construction joints may act as
triggers

Safety in joining with adjacent lanes (thickened
edges), proper compaction, uniform slab
thickness and support.



Less critical issues

Position of the reinforcement in the slab
Longitudinal slope of the pavement

Aggregate content and strength of the
concrete

Bond between UTCRC and support
Distance between construction joints



Thank you for your
attention



