An engineering analysis
of truss-out metal bracket bamboo
scaffoldings
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Use of truss-out bamboo scaffoldings




High accident and fatality rate
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Problems of truss-out bamboo scaffoldings

m Safe?
m Factors affecting their safety?
m Possible improvement?

28R | il Bn

Load-carrying capacity of
truss-out bamboo scaffoldings




Scaffolding components

Mechanical behaviour

m Strength of bamboo
m Strength of metal brackets
m Strength of anchor bolts P
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Strength of bamboo

m Three types of bamboo

m Kao Jue (BP i} TT) +Strength of bamboo
= Mao Jue (PPZU TT) «Strength of metal brackets

«Strength of anchor bolts
= Fir (41%)

Strength of bamboo




Strength of bamboo

= Mechanical properties for BP under normal

compressive test

NL D (mm) A (mm?) S (MPa) E (GPa)
mean | std [ mean | Std | mean | std 95% prob. [ mean [ std
1/4 | 532 6.8 | 969.5 | 365.5 | 58.6 7.7 45.9 7.9 1.3
/230|858, 6.8 | 969.8 | 3554 | 56.6 6.0 46.7 7.9 1.6
none | 54.6 5.5 ] 989.5]295.8 | 56.0 9.7 40.1 7.6 2.1

Concrete 40 MPa 25 GPa

Steel 500 MPa 200 GPa

Strength of bamboo

= Mechanical properties for BP under 3-point

bending test

Material E (GPa) S (MPa)
Fir 6.3 44.6
PP 11.8 78.7
BP [ 20.0 80.7 |
Concrete 25 GPa 40 MPa

Steel 200 GPa

500 MPa




Strength of bamboo

m Aging

Reduction of strength for BP
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Strength of bamboo

= Humidity

Strength of specimens under T=26°C
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Strength of bamboo

m On the average, can support a concentrated load
of 70 kg on a 1.3-m span.

~ 70 kg

|l N
< >l

1.3 m

Strength of metal brackets

*Strength of bamboo
*Strength of metal brackets
«Strength of anchor bolts




Strength of metal brackets

Welding ™ H side el
A
Strength of metal brackets -
A side
Young’s Ultimate Fracture Fracture
Specimen Modulus Stress Stress Strain
(GPa) (MPa) (MPa) (%)

H component
2-H1 207 380 353 13.8
2-H2 210 395 388 9.0
2-H3 214 397 331 1227/
2-H4 210 384 326 12,7

C component
2-C1 183 606 560 26.9
2-C2 186 605 260 15.0
2-C3 187 646 214 14.1
2-C4 182 490 I Y
2-C5 179 483 358 32.0
2-C6 183 617 574 16.9
2-C7 173 488 373 19.0
2-C8 182 489 409 28.7

V component
2-V1 214 593 LIxE et ¥
2-V2 219 574 489 157/
2-V3 175 593 406 175
2-V4 215 553 481 16.3




Strength of metal brackets

m Low-carbon steel

m Fracture strength of 400 — 600 MPa
® Young’s modulus of 200 GPa

m Tough, ductile, easily machined

s H side

Welding
Sl | = eSS R volding

V side

A side

Strength of anchor bolts

m Attaching metal brackets to wall

*Strength of bamboo
«Strength of metal brackets
«Strength of anchor bolts

Embedment depth (mm) Diameter (mm)

Fook Shing 39.0 12.8
Bey 46.5 12.5
Hilti 65.0 10.0




Strength of anchor bolts

Pullout force

N } o Anchor sleeve
Expansion sleeve Resistant force
Nut
Concrete "
Structure -] I
Cone $
esistant force

& "Washer

Shear force 2
hel"
d!!

Strength of anchor bolts- pullout force

F
1. Concrete cone failure |
2. Combined cone-bond failure k
3. Steel failure 5
4. Edge breaking failure b




Strength of anchor bolts- pullout force

m Empirical formulas |

concrete
hee
350

2a

Eligehausen F, = 15.5f(?(55h£'f5

ACI F, = 0.96f&5h§f(1 +d—hJ
hef

Strength of anchor bolts- shear force

1. Steel shear failure o S

2. Pryout failure a

3. Breakout failure -
Fmp g

[N R

(1) Steel shear failure (2} Pryour failure (3) Breakout failure




Strength of anchor bolts- shear force

= Empirical formulas F -

Steel shear failure (577 /73%)

V,=0.6f A,
Pryout failure (Eﬁ%’ﬁﬁén%)
Vep = kcp\VNgWNe\l’Ncr(lz-S\/ghgfs) hep <280mm
Vep = kchNgWNeWNcr(4-75\/ghbf67) 280 <hgp < 635mm

Breakout failure (B 02
her | \/7 15
Ve = VvgWveVver0-84 =B Jd f.cq

Strength of anchor bolts

Pullout force

m Factors
u Drllled hOle Slze Expansion sleeve Resistant force i‘ AP
/ 7 Nut
= Anchoring tightness Concrete %
Structure » F
= Embedment depth £
. . esistant force
= Anchoring location o Washer

m Wall material

Shear force .
hcf
& a,




Strength of anchor bolts- Drilled hole size

1 2 3 4 5
Displacement (mm)

y S -1 0

Strength of anchor bolts- Drilled hole size

= Proper drilled hole size is very important !

—Bolt diameter: 12.8 mm

Proper hole

i 758 18 (kN

Larger hole with a nylon strip insert




Strength of anchor bolts- Anchoring tightness

F‘h"'f S

Two turns

10 | tight

Pull-out force (kN)

} Anchor skeeve

Expanston slegve  Kesistant force / Mt 2
o 4 / Ploose | ‘ ‘ ‘
Strucnare H ¥ 0
7 0 1 2 3 4 5 6

Cane - .3
esistant fosce

Waabes Degree of tighteness (number of screw turns)

Strength of anchor bolts- Embedment depth

Depth reduces

————— —a

SRS

Pull-out strength (kN)

—#— Fook shing —®— Bey —&— Hilti

o N A O ®»

0 5 10 15 20 25 30
Thickness of tile paving (including the finishes) (mm)
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Strength of anchor bolts- Anchoring location

|'-|E_I

dy

@ Closer to the edge
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Distance from the edge to the anchor bolt (h,¢)

Strength of anchor bolts- Wall material

Table 3.6 Results of compressive tests for the concrete panels

e
m Concrete panels E
Panel Specimen Load N
Set (MPa)
&N)
1 499 22.2
Panel 1 2 501 223
12 1 1 3 517 23.0
A | 1 522 23.2
A Panel 2 2 480 213
11 Y 3 453 20.1
g ° A 1 734 32.7
Z Panel 3 2 700 311
£ s
£10 I 3 794 353
‘g ° 1 746 33.2
L]
E Panel 4 2 700 311
9 | 3 735 32.7
8 : ‘
1 2 3 4

Panel number




Strength of anchor bolts- Wall material

m Brick walls

Pull-out strength (kN)

—8— Red brick wall (1:3 cement-sand ratio)

—®— Red brick wall (1:4 cement-sand ratio)

3

4 5 6
Anchor bolt

Strength of anchor bolts- Wall material

Embedded in brick wall
Strength is smaller
Strength variation is larger

. e P53 R
o 171317 (kN) agd £33 (N) gl
1 8 5.3
2
3
4
2 5 13078 (kN)
BIEE (kN)




Strength of anchor bolts

Pullout force

m Factors
| DI’I”Gd hO|e SIZG Expansion sleeve Resistant force i el eeve
/ 7 Nut
= Anchoring tightness Concrete %
Structure » F
= Embedment depth it
. . esistant force
= Anchoring location o Washer

m Wall material

Shear force .
hcf
& a,

Load-carrying capacity of scaffoldings-
Numerical analysis

UDL
Load-carrying capacity ]l
B H component

BOIt force = BOIt Strength V component

€ component

Figure 6.2 A typical metal bracket

Table 6.3 Location of expansion bolts for three cases

- Case Location of Expansion Bolts
B I A
' 2 Aand B
3 A Band C




Load-carrying capacity of scaffoldings-
Numerical analysis

Table 6.1 Pull-out strength of the Fook Shing expansion bolts (in kN)

Base material Hole Range Mean Std Mean-3Std | Mean+3Std
. Fitted 9.5-11.8 10.6 0.7 12.7
Concrete :

Over-sized | 0.4-2.2 1.3 0.8 3.7

Red-brick Fitted 59-99 7.6 1.2 11.2

wall Over-sized | 0.5-3.4 1.7 1.3 5.6

Sand-brick Fitted 6-9.5 7.4 1.9 13.1
wall Over-sized - - - -

Table 6.2 Shear strength of the Fook Shing expansion bolts (in kN)

Base material Hole Range Mean Std Mean-3Std | Mean+3Std
Fitted 16.0 - 18.9 17.5 1.3 13.6 214

Over-sized - s = - -

Concrete

Load-carrying capacity of scaffoldings-
Numerical analysis

«M\c—f-q—ll S S A T ssweHIL T T T 1T 1T 1 1 ][lumu
75KN 4.7KN
Lo 4 H
28RN

Figure 6.4 Metal bracket anchored at A (Case 1) under UDL of 10 kN/m | Fisture 6.5 Metal bracket anchored at A and I (Case 2} under UDL of 10 kN/m

SR 11 P O S S S T
Load-carrying capacity BA
Bolt force = Bolt strength

Figure 6.6 Metal bracket anchored at A, B and C (Case 3) under UDL of 10 kN/m




Load-carrying capacity of scaffoldings-
Numerical analysis

On concrete panels

0
zZh 7
;‘f'lu E
‘_g ; 10
E w
] 1
F 7 Estit F R mated sk 1
Pullout failure Shear failure

Load-carrying capacity of scaffoldings-
Numerical analysis

On brick walls

Pall-out foree a1 A (kN)

10 15 20

Applicd VDL (kN m)

re 6,10 Estimated pull-out faiture loads for metal brackets mounted on a red-brick wa
vetal brackets embedded in oversized hole on

Fitted hole Oversized hole




Load-carrying capacity of scaffoldings-
Experimental study

Load-carrying capacity of scaffoldings-
Experimental study




Load-carrying capacity of scaffoldings-

Experimental study

Load-carrying capacity of scaffoldings-

Experimental study

Anchored on concrete

I

Failure Case 1 Case 2 Case 3
Failure UDL (kN/m) 7.1 15.6 20.1
Failure load (kN) 5.2 11.4 -

Lower when anchored on brick walls

Failure Case 1 Case 2 Case 3
Failure UDL (kN/m) 5.8 10.1 12.2
Failure load (kN) 42 7.4 8.9




Load-carrying capacity of scaffoldings-

Experimental study

Anchored in oversized holes (brick wall)

Hole Failure Case 1 Case 2 Case 3
Failure UDL (kN/m) 5.8 10.1 12.2
Fitted
Failure load (kN) 42 7.4 P
Failure UDL (kN/m) 2.6 4.3 4.5
Oversized
Failure load (kN) 1.7 2.9 30
Oversized | |
Fitted

Load-carrying capacity of scaffoldings-

Experimental study

= Anchored on the edge/side

Anchored on the side

Panel thickness

100 mm

160 mm

Failure UDL (kN/m)

0.4

Failure load (kN)

1.4

Anchored on the wall

Failure

Case |

Case 2

Case 3

& | Failure UDL (kN/m)

Failure load (kN)

7.1

15.6

20.1




Load-carrying capacity of scaffoldings-
Comparison

FEM (Case 2)

Possible fuilure range >

Pullcut force 2t A (KN)

Range of

L d il Joand
> st results
o 1 I 1 20
FEM (Case 51
0 5 10 15 20 »

Applicd D (KN/m)

Figure .24 Comparison between edmmuted oned mensured  failwre Tonds for scaolding

moanted on 1 concrete panel (Case 2

Possible ailure range

Pull-out force at A (kN}
T

] 5 10 5 0

Applicd LDL (kN

1

1
Range of F
fiilure loadd

|

Figure 623 Comparison between estimated ond measured failure londs for scaffolding

monmiesd o o conerete panet (Case 30 anchored at A, 18 and C)

Load-carrying capacity of scaffoldings-
Comparison

15

FEM {Case 33

Prossible fabine rnge

Pull-oul foree at A (kN)
”
T

Range ol Gulure hoad
et results

15
. i i FEM (Case 3)
] 5 1 15 20
Applicd LD (kN/m) z b
Figure .28 Companison between cstimaied and messured failure losds for scalfolding = 10 |
mounted on 1 red-brick wall (Cane 3: anchored ot A, 18 and C) >}
I s5F
L Pusssibile fuulure Fs
'}

0 5 [¥] 15 20
Applicd 1M (kN/m)
Figire 631 Comparison belween estimated and messaired failure bads for scallolding
swmntcal i over-siead boles o a red-brick wall (Case 3 anchored al A, 1 and

o]




Load-carrying capacity of scaffoldings-
Recommendations

m Do not anchored on brick walls

Load-carrying capacity of scaffoldings-
Recommendations

m Anchored in fitted drill holes




Load-carrying capacity of scaffoldings-
Recommendations

m Do not anchor on side

Load-carrying capacity of scaffoldings-
Recommendations

m Keep a 3-time distance




Load-carrying capacity of scaffoldings-
Recommendations

m Anchored with proper tightness

Guidelines and Reflections

i LAY OT -3

Labour Departent Buildings Department




Guidelines and Reflections

Good if anchored on concrete Concrete (strength > 25 MPa)

Affected by many factors

Anchor bolt
¢>12mm, T>7kN

g
-

Design load

<0.6m o J_’
/ -7 - 3 kN/m2 or

N ¢ 2.3 kN (240 kg)
Safe load 70 kg
Safe load 1,000 kg ‘ Affected by many factors ‘

Reduces to 0 kg ‘ ‘
. . <1.3m

if anchored in :

oversized holes

-

Improvement on metal brackets- T bracket




Problems of current metal brackets
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SECTION "A-A” FRONT VIEW
REMARKS:
1. ALL DIMENSIONS ARE INMILLIMETERS l-_
2. ALL COMPONENTS ARE COMBINED BY 53238 Tad8 7 ANGLE-SECTHN
UNLESS OTHERWISE STATED
3 SCREW MUST BE MATCHED WITH IS HOLE SIZE
4, ALL HOLES ARE 12.7MM IN IMAMETER _
£ ALL CONNECTIONS ARE WELDED PROPELLLY TOP VIEW

Problems of current metal brackets

Same level of load-carrying capacity
e But easier to erect ?




Three types of metal brackets

Type 1: Cross bracket Type 2: | bracket Type 3: T bracket

Experimental study




Experimental study

m Fook Shing anchor bolts

1/2in 3/8in
(12.7 mm) (9.5 mm)

2.51n(63.5 mm)

S O OO
O

Experimental study

Type 2-bolt anchored 3-bolt anchored

Cross e ﬂ“

! | }




Experimental study- Cross bracket

2-bolt anchored 3-bolt anchored

Experimental study- Cross bracket

2-bolt anchored ""‘ 3-bolt anchored +

AF R EL— BEHMTE A8 R ER— FmHTEE
25 T T T 25 T - - -
| | |
| | |
20k — - — — I Qo [E
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= | | | =
§15 ****** (it T i é
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Experimental study- | bracket

2-bolt anchored 3-bolt anchored

Experimental study- | bracket

2-bolt anchored { 3-bolt anchored

AR B EX T E MR

1‘5
B (s) B (s)
Loading time history




Experimental study- T bracket

2-bolt anchored 3-bolt anchored

Experimental study- T bracket

2-bolt anchored T 3-bolt anchored T

AR R =, FEmHTE AFREX= F=HE

0 10 20 30 40 50 60
BFfE (s) B f] (s)

Loading time history




Test results

Load-carrying capacity (in kN)

Company A/ 3-bolt 23 22 23
NLC 2-bolt 14 20 21
Company B/ 3-bolt 25 29 33
NLC 2-bolt 15 30 27
Company C/ 3-bolt 29 31 30
REC 2-bolt 18 25 25

Smaller M

Almost the same

FEM verifications

Anchor B

Anchor C

Link

FEM models




Comparisons

Cross bracket | bracket T bracket
Type Anchor
Test FEM Test FEM | Test FEM
Company | 3-bot 23 22.2 22 203 | 23 | 245
A/NLC 2-bolt 14 20.8 20 182 | 21 | 206
Company | 3ot 25 33.1 29 GiRlNas | 373
B/NLC 2-bolt 15 33.5 30 R o7 | 323
Company | 3o 29 33.1 31 315 | 30 | 378
C/NLC 2-bolt 18 335 25 283 | 25 | 323
\—'—l
Smaller Match

Conclusions and recommendations

m The load-carrying capacity of the Cross bracket
is the smallest among the three types

N




Conclusions and recommendations

m Load-carrying capacity

| bracket =~ T bracket

Conclusions and recommendations

m 3-bolt anchored is always better than 2-bolt
anchored

JGood

Type 2-bolt 3-bolt

Cross S ’-ﬁ‘

| | }




Conclusions and recommendations

® When anchored by 2 bolts, no residual load-
carrying capacity is observed

m When anchored by 3 bolts, T bracket exhibits
significant residual load-carrying capacity

ATR B FE MR AR R R FZME

Conclusions and recommendations

m T bracket

= Same level of load-carrying capacity as that of |
bracket

m Provides more significant residual capacity if
anchored by 3 bolts




Conclusions and recommendations

T bracket

S

e

(25 MPa)
L_Ju i

(65 MPa)

Conclusions and recommendations

m T bracket is easier to erect

il 45 cm - it

I bracket T bracket
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Thank you for your patience...




