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CASHEL STREET

M
AD

R
AS STR

EET1

2

3

A B C D E F

North Core 

Masonry in-fill walls

400 mm diameter 
columns typical

Line 1 South Wall

400 x 300 mm 
columns line A only

4
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2050 2050900

~ 500

200

concrete 
broken out

concrete 
broken out

numerous 
shear cracks

Top of slab
700

40
0

15 mm mortar seating 
for shell beam

one H28 necked and 
fractured
All other bars gas cut 

along base

slab pulled away

L2

L1

diagonal and edge 
vertical bars gas cut

slab bars necked and fractured

100 mm concrete 
cover spalled off 

wall bars into E2 
necked and fractured

some end bars gas cut

E1
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2050 2050900

vertical bar fractures 
match top of E1 

many diagonal cracks in 
coupling beam

700

beam seating typical 
each side 

L3

L2

Some bars gas cut 
at ends

E2

diagonal cracks 
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2050 2050900

L4

L3

large diagonal cracks 

Severe 
crushing 

damage at 
junction with 
Beam B15

end zone rebar 
sampled for testing

E3
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2050 2050900

L5

 L4

Bottom bars:
One H24 necked 
other bars pulled out of 
beams

15 mm thick mortar 
seating for p/cast beam

end zone rebar 
sampled for testing

700

Beam ripped 
out of wall

40
0

Top 2-H24 bars necked and fractured 

700x400 P/C beam 
seating notch in wall

E4
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2050 2050900

L6

L5

zone of very soft 
concrete

Top 3-H24 bars necked and fractured 
and slab pulled away from wall

slab pulled away from wall 
top of wall concrete surface 

smooth and charred slab still intact  

E5
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Slab thickness:
L6 = 220, 50 cover
L5 = 195, 115 cover
L3 = 190, 40 cover

Hibond decking torn below concrete 
560 mm from support beam face at L4

Fractured 150x75x10 L drag 
bar items L6 to L4 On east 
wall. No drag bar items on L3 
or L2

6mm mesh necked & fractured 
at broken concrete surface

Additional slab 
remnant at L5 Extent of remnant slab 

L6, L4, L3, L2 

Cantilever slab remnant  
A=1400 L5 & L6,
A=1200 L4 & L3 

H12 saddle bar ends 
stick out 50-120 mm

Top 2H24 bars to beam have 
necked and fractured typical

2x150 Ø drilled hole in concrete 
floor at each level on fracture line

560 mm

‘A’

Fractured 50x50x3 SHS 
welded to 150x150x10 L drag 
bar items L6 to L4 on west 
wall of lift well. No drag bar 
items on L3 or L2
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Size Uniform 
Elongation 

Agt (%) 

Yield 
Stress 
Re: ReL 
or R0.2p 

(MPa) 

Ultimate 
Tensile 

Strength 
Rm 

(MPa) 

Ratio 
Rm/Re 

Comments 

12 16.0 518 677 1.31 Item E4 

      

16 16.3 450 595 1.32 Item E1 

24 17.2 446 607 1.36 Items E3 & E4 

28 16.8 447 612 1.37 Item E1 specimen E1W only 

16-28 16.8 448 603 1.34 Average excluding 
specimen  E1E 

      

28 13.5 464 627 1.35 Item E1 specimen E1E only 

664 
Mesh 

4.2 615 665 1.08 Suspended floor slab 
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Sample C Mn Si S P Al Ni Cr Mo Cu Sn V WCE 

E1C 
H16 0.19 1.19 0.28 0.033 0.028 0.001 0.08 0.07 0.013 0.28 0.022 0..040 0.434 

E4A 
H24 0.19 1.19 0.29 0.031 0.031 0.001 0.09 0.08 0.011 0.28 0.023 0.042 0.442 

E4B 
H24 0.20 1.21 0.30 0.034 0.032 0.002 0.09 0.08 0.011 0.28 0.023 0.043 0.454 

E1E 
H28 0.21 1.30 0.35 0.020 0.018 0.002 0.08 0.09 0.011 0.25 0.041 0.042 0.473 

E1W 
H28 0.21 1.26 0.33 0.019 0.011 0.001 0.08 0.06 0.011 0.20 0.036 0.045 0.461 

NB -All figures are weight percentage values 
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Concrete Specified Grade Properties at 28 days and Strength-aged by 25%

Variability of 28 day cylinder strength from Table 5 NZS3104:1983

Specified 28 day Strength 12.5 15.0 17.5 20.0 25.0 30.0 35.0

Lower 5% 12.5 15.0 18.7 20.7 25.8 31.5 36.5

Lower 0.1% 8.4 10.3 13.2 15 19.2 24.2 28.9

Upper 99.9% 26.1 30.6 36.8 40 47.8 55.8 62.1

Target Mean 17.3 20.5 25.0 27.5 33.5 40.0 45.5

cov 0.168 0.163 0.155 0.150 0.140 0.130 0.120

standard deviation 2.90 3.32 3.87 4.13 4.70 5.20 5.46

Strength-aged by 25% Lower 5% 15.6 18.7 23.3 25.9 32.2 39.3 45.7

Lower 0.1% 10.6 12.9 16.5 18.7 24 30.2 36.1

Upper 95% 27.5 32.4 39.2 42.8 51.5 60.7 68.1

Upper 99.9% 32.6 38.2 46.0 50.1 59.7 69.8 77.6

Mean 21.6 25.6 31.3 34.4 41.9 50.0 56.9

cov 0.168 0.163 0.155 0.150 0.140 0.130 0.120

standard deviation 3.62 4.16 4.84 5.16 5.88 6.50 6.82
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Specified L3 to L6 25 MPa Concrete

Specified L2 30 MPa Concrete

Specified L1 35 MPa Concrete
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Column Concrete from Tests

L3 to L6 25 MPa  Concrete Aged 25%

L2 30 MPa Concrete Aged 25%

L1 35 MPa Concrete Aged 25%
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JJS Dwg Local Coordinates from 4/F Location Levels Average SD Number

West South Grid Grid

2 17027 21033 C.5 STEP F 30

1 20071 22537 C 1 F 5

1 26209 22537 A.5 1 F 0

1 30066 22467 A 1 F 0

1 30067 7474 A 3 F 5

1 30121 14983 A 2 F -20 3 16 6

1 0 22507 F 1 O 182

1 13 15005 F 2 O 197

2 77 12850 F 2.5 O 201

2 449 22744 F 1 O 195

2 845 12868 F EDGE OF OVERLAY O 200

1 4481 7447 E 3 O 210

1 4507 15206 E 2 O 215

2 6031 13667 E EDGE OF OVERLAY O 220

1 6956 0 D.5 4 O 195

1 11495 7501 D 3 O 220

1 11507 14980 D 2 O 220

2 11957 14251 D 2 O 229

2 17264 18416 C.5 EDGE OF OVERLAY O 220

2 17812 12373 C.5 EDGE OF OVERLAY O 200

2 17894 6841 C.5 EDGE OF OVERLAY O 225

1 18472 7482 C.5 3 O 220 209 14 16

1 50 7479 F 3 S 100

1 7498 22465 D.5 1 S 130

1 12532 22465 D 1 S 115

2 17027 21033 C.5 EDGE OF OVERLAY S 100

2 17264 18416 C.5 EDGE OF OVERLAY S 110

2 17812 12373 C.5 EDGE OF OVERLAY S 122

2 17894 6841 C.5 EDGE OF OVERLAY S 122

1 18472 7482 C 3 S 115

1 18558 14992 C 2 S 130

2 21794 20006 B.5 1.5 S 122

2 22029 774 B.5 4 S 110

1 25511 15001 B 2 S 125

1 25515 7460 B 3 S 135

1 26201 11 B 4 S 125

1 30109 19 A 4 S 145 120 12 15

Adjacent Grid or Feature
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+210 (O); P017 +215 (O); P011

+100 (S) +197 (O); P012

+182 (O); P006+87 (?); P021

+195 (O); P020

+220 (O)

+220 (O); P015

+130 (S); P009

+115 (S); P004

+115 (S)

+5 (F); P003

-20 (F); P007

+125 (S); P008

+0 (F); P002

+0 (F); P001

+135 (S); P014
+125 (S); P019

(S)
 (F)

KEY

(F) = TOP OF FOUNDATION

(O) = TOP OF OVERLAY

(S) = TOP OF SLAB

All RLs are  relative to TBM

P = Photo id

(S)

(S)

(S)

(S)

(S)

(S)

(O)

(O)

(O)

(O) (O)

(O)

(O)
(O); P023

(O); P022
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+210 (O); P017 +215 (O); P011

+100 (S) +197 (O); P012

+182 (O); P006+87 (?); P021

+195 (O); P020

+220 (O)
+220 (O)

+220 (O); P015

+130 (S); P009

+130 (S); P005

+115 (S); P004

+115 (S)

+5 (F); P003

-20 (F); P007

+125 (S); P008

+0 (F); P002

+0 (F); P001

+135 (S); P014
+125 (S); P019

+145 (S); P018 +5 (F)

KEY

(F) = TOP OF FOUNDATION

(O) = TOP OF OVERLAY

(S) = TOP OF SLAB

Other RLs are centre of column relative to TBM

P = Photo id

27553
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CTV Columns Cores and  Rebound Hammer Tests

Column 

ID

Test 

Location

Hammer 

Number 

1

Orientation 

(Vertical 

=1200 hr)

Hammer 

Number 

2

Orientation Hammer 

Number 

Avg

Test Core 

Strength 

1

Test Core 

Strength 

2

Test Core 

Strength 

3

Test Core 

Average 

MPa

Hammer 

Strength 

MPa

Location in Building Failure Type and Position

400 x 400 mm Square Columns (D/E 4) (Cores Only)

C18 25.1 12.8 13.7 At L1 at wall D/E

16.5 17.0 11.0 16.0

400 mm Diameter Columns (Cores and Rebound Hammer)

tC1 Top 42.1 1200 42.1 26.5 16.0 27.5 23.3 29.8 aka Item E25; Level 6

tC4 Bottom 49.3 1100 49.3 47.8 45.3 46.6 44.3 Level unknown Flexure at base and top

tC12 42 1200 46.1 1200 44.1 27.1 26.2 26.7 33.2 Level unknown; Edge Flexure at base and mid-height

400 x 300 mm Rectangular Columns (Line A) ( Cores and Rebound Hammer)

tR6 35.7 1200 37.8 1200 36.8 24.5 26.4 25.5 22.2 Above tR7: Level unknown Beam-column joint and mid-height

tR7 46.2 1200 46.5 1200 46.4 39.5 42.2 40.9 37.7 Below tR6;  Level unknown Mid-height and beam-column joint

tR3 35.3 1200 35.4 1200 35.4 20.5 20.1 20.3 20.5 Level unknown Base and top

400 mm Diameter Columns (Rebound Hammer Only) Hammer 

Ave MPa

tC5 Bottom 41.1 1200 41 28.2 Level 6 to Roof Flexure at base and mid-height

tC5 Top 38.3 1130 38 26.2 24.2

tC6 35.6 1130 36 20.8 20.8 Level 6 to Roof; Edge Flexure at mid-height

tC9 Top 37.6 1200 38 23.2 23.2 Level 6 to Roof; Edge Flexure base and mid-height

tC8 33.5 1130 34 18.5 18.5 Level 5 to 6; tC1 above; Edge Flexure at base and mid-height

tC10 Bottom 35.4 1200 35 20.6 Level 1 to 2 C21 or C22 6 D12 bars fractured at base

tC10 Top 31.1 1200 31 18.4 16.2 Downpipe in column

tC2 Bottom 35.9 1200 36 21.2 Level 1 to 2 C23 6 D12 bars fractured at base

tC2 Top 48.1 1130 48 31.3 41.5

tC3 41.6 1130 42 29.0 29.0 Level unknown Flexure at base and mid-height

tC7 41.9 1200 42 29.5 29.5 Level unknown; Edge Flexure at base and mid-height

tC11 34.3 1000 34 19.4 19.4 Level unknown; Edge Flexure at base and mid-height

tC13 36.9 1200 37 22.4 22.4 Level unknown; Edge Flexure at base and mid-height

400 x 300 mm Rectangular Columns (Line A) (Rebound Hammer Only)

tR2 Bottom 40.4 1200 40 27.1 Level 6 to Roof Beam-column joint

tR2 Top 41.6 1200 42 28.1 29.0

tR4' Bottom 39.6 1100 40 26.0 Level 6 to Roof Beam-column joint

tR4' Top 36.4 1100 36 23.9 21.8

tR4 Bottom 45.4 1100 45 35.7 Level 5 to Level 6 Beam-column joint

tR4 Top 46.6 1100 47 37.0 38.2 tR4' above

tR1 37.7 1130 38 23.4 23.4 Level unknown Beam-column joint

tR5 43.6 1130 44 32.4 32.4 Level unknown Beam-column joint and mid-height

tR8 Bottom 42.9 1200 43 31.1 Level unknown Beam-column joint, 

tR8 Top 38.9 1200 39 28.1 25.0 mid-height

tR9 Bottom 39.5 1200 40 25.8 Level unknown Beam-column joint

tR9 Top 35.8 1200 36 23.4 21.0

tR10 50.1 1130 50 46.3 46.3 Level unknown

tR10' 42.9 1130 43 31.1 31.1 Level unknown
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Concrete Cores vs Hammer Numbers

Specimen Location Hammer 

Number

Orientation Hammer 

Number

Orientation Hammer 

Avg

Core 1 

MPa

Core 2 

MPa

Core 3 

MPa

Core Avg 

MPa

Predicted 

MPa

tC1 Top 42.1 1200 42.1 26.5 16 27.5 27.0 29.8

tC4 Top 49.9 1200 45.9 1100 47.9 47.8 45.3 46.6 41.0

tC12 Top 46.1 1200 42.0 1200 44.1 27.1 26.2 26.7 33.3

tR3 Top 35.4 1200 35.3 1200 35.4 20.5 20.1 20.3 20.6

tR6 Top 37.8 1200 35.7 1200 36.8 24.5 26.4 25.5 22.2

tR7 Top 46.5 1200 46.2 1200 46.4 39.5 42.2 40.9 37.8

Note: tC1 core 2 has been excluded as an outlier for developing strength vs hammer number relationship

y = 2.9164e0.0552x

R² = 0.7984

0.0

5.0

10.0

15.0
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Core Compressive Strength vs Hammer Number

Core Avg MPa

Expon. (Core Avg MPa)
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