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Tables showing shear transfer coefficients and failure
criteria for steel and concrete, as znvut to the model

Shear Transfer Contribution For Closed Cracks For Open Cracks ANSYS Input. IANSYS Input.

s defined by Taylor (%) (%) Closed Cracks. Open Cracks.

%) (Shear Transf Coef) Shear Transf Coef)

Dowel action: 25 25 25 025~ 0.25*

IAggregate interlock: 45 45 <45 0.40 + 0.25* (0]

ICompression zone: 30 30 30 0.3 n/a
Total: 0.95 Total: 025

* Coefficient 0.25 (contribution of re-bars to shear transfer) is carried over.

Stress failure criteria for Concrete

O, (tens) G, (comp) GV (tens) GV (comp) G, (tens) G, (comp) va sz O,

2.42 -45 2.42 -45 2.42 -45 0.45 0.45 0.45

Strain failure criteria for Concrete

(o (ten) Lo (comp) SV (ten) SV (comp) €, (ten) €, (comp) va sz €,y
0.0001 -0.00175 0.0001 -0.00175 0.0001 -0.00175

Stress failure criteria for Steel (N/mm?)

O, (tens) G, (comp) Gy (tens) (Sy (comp) G, (tens) G, (comp) ny GyZ O,y

660 -660 660 -660 660 -660

Strain failure criteria for Steel

&€, (ten) €, (comp) Sy (ten) Sy (comp) €, (ten) €, (comp) € € €

Xy yz zX
0.09 -0.09 0. 09 -0.09 0.09 -0.09
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Input Geometry

Synoptic Flow
- Chart describine
Assembly glol ﬁ;iiflf::dss ) =
Sl (1110lyS1s process

Input initial Material
Properties

(Tab: 4)

C— 20 N LN lmm2 C— 100 2 LNlmm™

Non-linear material properties
for Concrete and Steel are
chnwn in Tah' 2 and Fine: 4 & &

Input non-linear
Material Properties
for steel & concrete

Compute initial
results and store

Failure criteria for concrete and
steel are shown in Tables: 5 &

Input Failure Criteria
for steel & concrete Read new tangent
moduli and new material

stiffness matrices

Shear transfer coefficients for
reinforced concrete are shown

in

Input shear transfer
coefficients for
reinforced concrete

are satisfied

Discretize
I Structure False Failure criteria

UX, UY, UZ = 0 LH-support

Apply Constraints UY, UX = 0 RH-support
117 = 0 Frant cide (cee
Check out-of-balance load for
Convergence

ITER=1

Yes
Print nodal displacements,

Compute element siiff Print Result nodal and elemental strains
mﬁ?ﬁ%ﬁ?jﬁﬂ}gﬁd Use incremental procedure. rint Results and ctraccae QRhnw rrack and
First increment to cause yield

increment and linear elastic

analysis. at tancinn ctaal Than ~antiniia

STOP




Calibration of the computer model using experimental results

Stress-strain variation for concrete grade C45

Stress-strain behaviour of concrete
cylinders in compression and

determination of Static Modulus of
Elasticity.

(E=30.04 kN/mm?)

0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035

M
T
(]
=

M
)
g

m

EBSBllO EFEA (agreed)

32.367 30.04 28.80 33.5 30.00

Stress-strain

==5a behaviour of Type 2
. steel remfor'cem.ent
A | 4 determination of
B | \lodulus of Elasticity
VAR | 1 Tungent Modulus

T




Laboratory model :
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Comparison between measured and predicted maximum displ’s
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Load (kN)

Cracking started at 30 kN. Fully cracked unit has suffered permanent
deformation, hence its displacement during the loading process is
lower than that of the uncracked unit. This is also depicted by the
finite element models.

Test 1 (uncracked unit) Test 2 (cracked unit)

Measured (W, 9) : (KN, mm) (72, 10.7) (120, 17.2)

Predicted (W, 0) : (kN, mm) (73, 9.08). (126, 14.80)




Comparison between measured and predicted strains at the
main reinforcement.

—&—SG1 (Testl) ~ —8—SG2 (Test1) SG1 = lateral reinf't

—A— SG1 (Test 2) —B8—— SG2 (Test 2)

SG2 = longitudinal
reinf’t

All strain values were
below the ultimate value

60 100 110 120

Load (9 of 3330 s.
Lateral reinforcement Longitudinal reinforcement NO Sign l:ficant rESidual
Test No: (KN, us) Test No: (KN, us) Stralns were nOtlced for
SG1, indicating that any
1 (72, 114) 1 (72, 2058)

cracks ~ formed  across
transverse  reinforcement
must have closed.

7) (120, 940) y) (120, 2974)

FEAL (126, 1167) FEA2 (126, 3238)




Strain distribution across the Riser. Test 1, Uncracked unit.

D8 @ 235 mm

—4—ec@w=0kN
——e@w=30

D9 @ 165 mm
—*—e@w=48
D10 @ 110 mm —*—e@w=60

——e@w=72
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of riser

100 300 500 700 900 1100 1300
-100 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

Microstrain Test1 microstrain

Experimental behaviour Theoretical behaviour

Notice linear behaviour up to 30 kN. Applied loads resisted by both,
concrete and reinforcement. lension gradually transferred to
reinforcement as first cracks appear at bottom. Equilibrium is
maintained by gradual movement of the N_A upwards, that is, by
reducing the area in compression.



Strain distribution across the Riser. Test 2, Cracked unit

D8 @ 235mm ——c@O0KN
N e @ 24KN
e@36kN
—x—e @48 kN
——e @60 kN
——e@72kN
——e@84kN
——e@96kN
—-—e@108kN\

Distance from Base (mm)

D11 @ 40 mm from baseofiser
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-100 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 20400 600 800 1000 1200 1400 1600 1800 2000

Microstrain Test?2 microstrain

Experimental behaviour Theoretical behaviour

Once cracks are developed, no sudden changes of strain are present
during reloading and the strain path is smoother. Strain readings
reach higher values as cracks open wider causing the reinforcement to
undergo yielding.




Strain at some other positions

—e—SGl Test 1 —8—D1 Test 1 —A— D3 Test 1 —®— D4 Teg

—o—SG1 Test 2 —=—D1 Test 2 —A— D3 Test 2 =

o
s
2200
S
£

Terrace unit 1. Tests 1 &
2. Comparison between
strains @ SG1, D1, D3,
Load (kN) D4 (01/1 tread).

Terrace unit 1. Tests 1 &

2. Comparison between
strains @ D5, D6, D7/

(on tread). ' Load (kN)




Cracking of concrete at the tension zone.

Front view detail of riser at midspan, showing cracks
detected in the laboratory.

| ;;
[sometric and front elevation (translucent view) details of
the riser at midspan, showing vredicted cracks by ANSYS



Comparison between experimental and theoretical strains

SGL:(114,118) N,
SG2: (2058, 2116)
-

D3: (-256, --262)

D2: (2, -340)

D1: (-520, -508) D5: (-64, -61)

/ o
\ D (demec points): (exp, theo)

< vereactions SG (strain gauges): (exp, theo)

Total Load =72 kN.

D1, D2, D3, D4 are strains in the lateral, Y-direction and D5, D6, D7 are
strains in the longitudinal, X-direction. SG1 and SG2, are lateral and
longitudinal strains on the reinforcement. Negative reactions predicted by
the FE model are also shown in the inset, as lifting at the corners.
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95 }he_p_robem of ‘strain softening’ (aud that of the ‘monotonic’
~Simulation) is not successfully yet, however, efforts are
currently directed towards an a e solution.
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