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COLLAPSE OF SCAFFOLDING, AT THE SITE OF
THE NEW CUSTOMS & EXCISE BUILDING
GOVERNMENT CAMPUS, RICHMOND STREET
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2. Malenal sampling and testing. This was done by the
Caribbean Industrial Research Institute “CARIRI™ (see appendix 11).

3. A desk study and review of:-

I Photographs of the scaffolding taken prior to the collapse of the structure
(see appendix 1 pic. ) & 2.

. BS 1139: Part 5 — Specification for materials. dimensions. designs loads
and safety requirements for service and working scaffolds made of
prefabricated elements, 1990 (see appendix I11)

1. The Manufacturers Technical Brochure for the scaffoldi ng system. This
was provided by the contractor via the Factory Inspectorate (see appendix
V).

4. Interviewing persons who either witnessed and or were on the structure or in
the building at the time of the collapse.

It should be noted that persons on site indicated that the remainin g scaffolding was erected in a
similar manner to the collapsed section (see appendix I, pie. 3, 4 & 5 ). It appears that all
scaffolding erected on and around the building utilized the Kwikstage scaffolding system
(see sppendix L pic 6).

4.0 DESCRIPTION

The structure appeared to be comprised of several components ol structural pipe scaffolding
standards (columns or vertical members), interconnected by transoms (double equal angles),
ledgers, braces and tie bars. These members were used 10 support the horizontal steel-stages
and timber batlens (loe boards or treads) which d irectly supported the loads of the workers.
materials and equipment (see appendix L. pe 4. Seciion 3 Definitions; appendix [V).

Prior 1o collapse the structure measured approximately 1.20 metres wide by 35.00 metres long
by 35.0 metres high and was comprised of approximately eighteen (18) vertical lifts,
interconnected using a wedge type system. This system relies main] y on {riction (0 maintain the
structural connectivity between the various horizontal and vertical com ponents and structurally
may be considered a modified pin system.

The entire structural frame was attached to the building utilizing a system of tie-members which
was comprised of pipe scaffolding clamped around the external columns of the building. These
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5.2 Literature Review

Having reviewed the documentation listed al section 3.0 Methodology the following items
appear to be in contravention of BS 1139: Part 5: 1990 (see appendix [11):-

D

2l

Clause 4 : Materials

The clause states that materials used should be protected against atmospheric
corrosion and shall be free of any impurities and defects which might affect their
satisfactory use.

As outlined in the report on Material Testing a section of one of the samples
(standard) extracted from the debris was corroded to the extent that there was o
70% reduction in wall thickness.

Lhe report also indicated that this sample was modified and repaired.

Iividence of modified end connector elements were also observed throughout the
debris (see appendix L., pic. 21 to 24).

The report on material testing also found that a hi ¢h level of stress was
introduced during the welding operation joining rolled steel and cast metal, This
sample appears (o be the end connector element of a fransom (double equal
angles), (see appendix 11, pg 4,5.6.9.10 & 11)

Clause 11 : Basic Version

T'hus clause outlines the minimum components that comprise the basic version of
a scaffold.

T'he section indicates that adjustable base plates or equivalent components are
part of this basic version. |

However, on examination of the debris there was no evidence of the use of base
plates or any equivalent components (as outlined in clause 9 Baseplates) at the
base of the structure (see appendix I, pie. 17 1o 20)

It should be noted that the submitted Manufacturers Technical Brochure listed pteviously
at item 3.0 Methodology, does not appear to meet the requirements outlined in Clause 12 -
Data Required F'rom Manufacturer, of BS 1139: Part 5: 1990 (see appendix T,

&



6.0 INTERPRETATION OF OBSERVATIONS

Persons on or near the structure and witnesses indicated the following:-
1. That the central portion of the structure appeared to collapse initially.

it. That the northern and southern ends of the structure appeared (o have been pulled
or drawn down and into the central area of the structure during collapse.

11, That the initial collapse was preceded by:-
. A low rumble which grew louder as the structure fell.
. LThe swaying or jerking of the upper lifts/sections of the scaffolding.

It should be noted that the majority of the debris is located centrally on the slab in the area
where 1t was erected. This seems to suggest that the initial failure may be as a result of a
combination of several factors.

T'he lack of bracing and inadequate bracing observed would have resulted in the structure being
resistant to a certain level of horizontal loads imposed on it from the one end only. No Joad path
or restraint was provided to loads 1mposed from the opposite end. This may have resulted in the
‘structure swaying under load and imposing moments on the wedge connectors.

This system was designed to be static, that is, the wedge connectors are not de,s,.mncd or were
never intended to function as full moment restraints.

The bracing for the frames were also connected to the standards at points above or below the
wedge connectors, that is, where the ledgers and transoms were connected (critical node poInts).
This may have resulted in the generation of moments or turning forces about these critical

nodes.

The improper methods used o tic the scaffold structure to the frame of the building and the
removal and changing of the tie-members resulted in:-

1.  No tie-members belwcen the 6" floor or 7" storey and the roof of the building
(see appendix I, me 8. 15 & 16, ).

1. The scalfolding being restrained for movement away from the building but free
to move towards the building.

0
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This would have resulted in a large section of the scaffolding (three (3) floors) being free Lo
sway. Unrestrained motion towards or into the plane of the building would have resulted in
shock or impact loads being imposed on the clamp system used 1o secure the scaffolding to the
lie-members when the motion was reversed. These shock or impact Joads would have been
transferred to the scaffolding’s frame. It is uncertain what level of this type of loading this
system was designed (o resist.

The entire system was located on a suspended reinforced concrete slab that had an uneven
surface. The lack of base plates would have made leveling the first lift or vertical components
of the structure extremely difficult, If this concrete surface was sloped or graded to facilitate the
drainage of water, leveling the vertical components without base plates would have been even
more difficult (see appendix 1. pic. 17 to 20: Appendix 1V. pg 4 “THE COMPONENTS™
Adjustable Base and Head Jack).

T'he unleveled structure would therefore be vertically out of alignment and this would result in
an increased tendency to sway. Sway of the structure would impose moments or turning forces
about the joint elements (wedge connectors).

The loss of material thickness caused by corrosion, the inadequate repair and or maintenance of

certain key areas in the structure (see appendix 11, tables 2A & 2B. pgs. 5.10 & 11). may have
resulted 1n:-

I. Anadverse change in the component properties resulting in localized areas of the
structure being compromised (see appendix 11, Figure 3. ).

. An inability to attain the required fit necessary for the connector components to
function as intended (see appendix IV pe. 3, “THE SYSTEM™).

[t 1s felt that a combination of any two (2) or more of the defects observed would lead to a
section of the scaffolding moving bevond the allowable safe limits.

The resulting forces imposed on the wedge connectors, a modified pinned joint, would have put
these sections and joints beyond the parameters for which they were designed resulting in a
localized failure, which may have acted as a catalyst for further motion, and eventual failure of
the entire structure,




7.0 CONCLUSION

It 1s believed that the failure of the scaflolding structure may have been due to a combination of
the following:-

.. Alack of adequate bracing.

1. A lack of adequate tie back members to the building due to their removal during
the installation of the solar panels.

1. The use of a less secure anchorage system at roof level during the installation of
the solar panels.
v,

An improper method of anchoring or tying the structure to the building frame.

v. A lack of adequate base plates. This was nec

essary to properly level and
vertically align the structure.

vi.  The adverse change in component properties caused by corrosion.

Vi1, An inability to attain the necessary hit at the connection as a result of inadequate
or tmproper repair or modification of the connection components.

It also appears that the scaffolding structure was in contravention of clause 4 “Materials™ and
clause 11 “Basic Version™ of BS 1139 : Part 5 - 1990 "Metal Scaffolding™.

It should be noted that the submitted Manufacturers Techni

...... cal Brochure does not appear to meet
the requirements outlined in clause 12 “Data Required From Manufacturer”, of BS 1139 - Part 5
: 1990,

Richard Fulchan
Civil Engineer |
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8.1 Appendix I

Photographs
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Note lack of base plates. Note lack of base plates or equivalent |
components.
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L. INTRODUCTION

On July 12, 2006, scaffolding erected for {]
Building, Richmond & reet, Port of Spain
2006, CARIRI was requested by {
Ministry of Work

1€ construction of the
collapsed while
1¢ clhient to m

ustoms and Excise
In service. On July 14,

cel with representatives of the
S and Transport (Mr Richard FFulchan) and the Ministry of Labour
(Mr Jeffrey Mill mngton) to deterinine the testing services which can be provided by
CARIRI on the invest; gation being conducie

d Into the collapse of the scatfolding. Mr
Marco Nunes of CARIR] visited the site.

At the site Mr Fulchan (MOWT) selected {

testing. The tests requestec

1€ 1ests and the sample
I'were as follows:

§ required for
Visual inspection

Dimensional measurements
Hardness test
Tensile test

LSS UVR SR

Eight (8) samples were selected. Samplin g was facilitated by representatives of NH
Intemnational (Messrs John Dempsey and Martin Richards) through the provision of

ars i the column.

a— TR

v ] .,:m‘-‘-'ﬁlll——'_-_ i

Changes indicated by sideh

T — -

L. Thig TR relates solely fo the specilic sampie of the product, which bas been tesied or analyzed by CARIRT as the basis for preparing the repors
Rt sail be used solely for wlorsing the Client of the yesuite of the
cerg

Thf.‘

shall not e vsed for IUTOS
Ehcaton of simiiar or ofher prGd

ihe T s confidennal e the Client and shall not be dised

U Enwes of the Client who reguire such diselsure whee
etiligradons of cenfidentiafiry { mmposad on the Chient by g)
referszad 1o in any adveriisem

st o analvsis of that s
facturer or the Client or for any other purpose,

Ased by the Client o SIY pemen other than professional adyige
Hecessary tor the proper performance of their duties and who will individu
the eneralily of the fo

peciie sammie, |
UG produced by the sanw pamy

es Of

ang respansibic officers apad
iy courmly with afi

regoing the repar: sk

18 provision, Withea Hmiring Rali not be used or

ENLOY the tarkeong of the product,
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Figure 6: View of sample TO63899 (#5 C&E - PK- 1 Horiz. Plank brace (14-07-20006)), showing
the fractured brace,
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Figure 8:  View of samples TO6590] ¢
planks respectively.

left) and T065902 (right) - metal and wooden
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For Sample T065896, the

2, Appendix II.

Dimensional and w

Samples TOG5

e

— T g ey

Table 2R
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Wall thickness of scaffoldi ng pipe — Sample TOG5896

_(Longitudinal me

asurements)

| Measurement ] Thickness (mm) + 0.01 mm
| Positon | TOGS896
—- —— h | -
| | 1.20 |
2 3.95
= -4 — — -
3 3.28
4 j 3.81
5 | 3.76 |
0 3.33
Average 3.22

Dimension :

cight measuremenis w
901 and T0OG590?2

ind wej

S1X (0) points where measurements were take

Table 3

Il

ere carried on the two pl
- Results are presented in Table 3

- #

ght measurements

are shown in Figure

ank samples,

l B 531111?](:1'1.') | Thickness (em) = 0.1 cm —--—~——

. Dimension | T065901 | T0s3902

T ™ R B
Width | 22.8 21.4

[ Weight (kg) = 0.02 kp 15.86 [ 13.98

Dimensions measured

A Vickers hardness test profile w

as performed across the wel

are shown in Figure 10, Appendix 11

d of Sample T065900.

ented 1n Table 4. A m

3.2 Hardness test
T'he results obtained are pres
shown in Figure 1]
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3.3 Lensile test

WS

Samples TO65§97 and TO63898 were coupled as a unit and tested twice to determine

%

the load bearing capacity of the friction jomnt. The resulis are presented m Table 5. A
photograph showing the arran gement used for the test is presented in Fj gure 12,

Appendix IL

Table 5
Tensile test results
Coupled Samiples TO65897 and TO65898
Wbt 5 ._ . T

t - — e I OE
| Test No. i Load (kKN)

] 2.98% i
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DISCUSSION

Based on the investigation conducted, the following are noted:

| -

- I'he scaffolding pipe sample, Sample TO65896 (#2 C&F — PK.- 1 (14-07-

2000)), shows severe corrosion on the intermnal surface of the pipe at the

.‘c_-.” S -~ cwl 1.~= . 2 ? ; . - " 3
iractured section. See Figures 2, 3 and 4. The pipe has a welded pateh and a

metallic msert located between the m ain pipe and the extension. See Fj gure 4.

Ihe average wall thickness obtained in © ample TO65895 is 4.09 mm. This

g

sample did not’ show auy s s ol corrosion (internal and extemnal) and was
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August 10, 20006

- — - = B

o R A .lu..nj,llt.rl}?i Ev¥lL LA Y L I‘u'lul!lllt_l.lt

Project Code: EC03828936/06 e Report No.: 307606 . 4
area, which represents an approximate 70% reduction in wall thickness in
reference (o sample TO65895.

‘Sample T065899" (#5 C&E — PK- | Horiz. Plank brace (14-07-20006)) 1s a
broken brace that contained a welded joint of rolled steel and cast metal, The
weld was made by arc welding. Failure occurred at the weld. The hardness test
shows a signilicant difference in hardness between the weld, heat affected
zone (HAZ), and base metal. which indicates that a high level of stress was

introduced at this location through the weldin g operation.

Technician(s): Approved by:

/
a

Kishi Deonarine | Marco Nunes Kamral Mohammed
Materials Engineer Laboratory Manager

Industrial Materials Unit
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Figure 9 Overvi “
‘igure | Verview ol samples T
of samples TO65896 showing where the wall thicknes
S8 Was measured

(points 1 to 0) in reference Lo the fractured side.
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Figure 10 Sk '
etch showing the dimensions measured in hoth planks
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Macrograph of sample T065900 showing the indentations from the hardness test.
Magnification 4.3 X.
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This report relates solely to the specific sample of the product, which has been tested or analyzed by CARIRI as the basis for preparing the report. The
report shall be used solely for informing the Client of the results of the test or analysis of that specific sample, It shall not be used for purposes of

certification of similar or other products produced by the same manufacturer or the Client or for any other purpose. | |

The report is confidential to the Client and shall not be disclosed by the Client to any person other thnn_ prufgssmna] adwselrs gnq l’FEpﬂHEIblE ﬂﬂicer:s and
employees of the Client who require such disclosure where necessary for th_e proper pe*rfnnnance of lhlﬂll" duties and WI!G will individually comply with all
obligations of confidentiality imposed on the Client by this provision., Without limiting the generality of the foregoing the report shall not be used or

referred to in any advertisement or the marketing of the product.
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Figure 12 Tensile test of friction joint
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1. This report relates solely to the specific sample of the product, whic | '
rt:portthaH be used solely for informing the Client of the results of the test or analysis of that specific sample.

certification of similar or other products produced by the same manufacturer or the Client or for any other purpose.
2. The report is confidential to the Client and shall not be -

employees of the Client who require such disc]usx:rra where necessary for

obligations of confidentiality i mposed on the Client by this provision. W

referred to in any advertisement or the marketing of the product,

has been tested or analyzed by CARIRI as the basis for preparing the report. The
It shall not be used for purposes of

disclosed by the Client to any person other than professional advisers and rfespnnsible nfﬁceu:s and
the proper performance of their duties and who will individually comply with all
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8.3 Appendix 111

BS 1139 : PART 5: 1990

Metal Scaffolding



