PRO: Advancing Productivity Day: October 31st 2023 ACI Concrete Convention — Fall 2023

Westin Boston Seaport District, Marina Ballroom | Boston, MA, USA

‘A Journey to Concrete Productivity in Brazil’

By Eng. MARIO ESMERALDO

¢ Civil Engineer with a degree from the Federal University of Ceara (UFC) and
GradCert in Structural Engineering at the University of Fortaleza (UNIFOR);
¢ Technical Director at Qualitas Structural Engineering;
** Professor at the Graduate Program in Structures at UNIFOR;

*+ Deputy Director of the Ceara Regional Division of ABECE (Brazilian i

Association of Structural Engineering and Consulting).
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Session Outline:

** A general overview of the Brazilian market
¢ Structural indexes, a simple and good idea!
¢ Measuring productivity using design inputs

** Let’s enhance productivity!?

** Some real examples

*** Ranking productivity: Data matter! =
** Getting to ‘NET Zero’!
(aci®
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A general overview of the Brazilian market:

Construction labor productivity, 20151
2005 $ per hour worked by persons employed, not adjusted for purchasing power parity?

50
Declining leaders ® Belgium Outperformers £ '
45 :llllll.lllllllllllllllllllllll: . Source:
. Spain Netherlands E SEEEEEEnm i
40 _ E Denmark Unlted Klngdon:lisfae MCKINSEY GLOBAL INSTITUTE
n Austria - REINVENTING CONSTRUCTION:
! : France Canada . A ROUTE TO HIGHER
- . " . PRODUCTIVITY
- Sweden . Fesu 217
- . Japan . S Lt LS
Uniteck States Germany - Australia International
. . average = 25
25 Italy -
‘IIIIIIIIIIIIIIIIIIIIIIIIIIIII'
Laggards Accelerators
15 Slovak Republic
Saudi Arabi Korea —
audi Arabia o oAl NN
10 Portugal Singapore China
Mexico Czech Republic . Russia Turkey
Chile Hungary

‘ . A _5_ e anmnn Folombia Argentina Indonesia ® South Africa 0
E . Brazil  Malaysia " NIGMa rgang . @ £gyp £ india | L -
20 -15 -10 -05 0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 ”6.0 6.5 7.0
Construction labor-productivity growth, 1995-2015'
PR 0 Annual growth in real gross value added per hour worked by persons employed
(aci®
THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE — CONCRETE
CONVENTION#; .,



A general overview of the Brazilian market:

Productivity at MACROECONOMIC LEVEL:
Productivity = GVA/MH
** ‘MH’ is the amount of labor in hours.
* ‘GVA’ is the result of difference between the ‘Product
Value’ (PV) and the following inputs named ‘Intermediate
Costs’ (IC): Labor and material cost, equipment and

others. <

GVA = PV - IC = 20% of the Total Capital!
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A general overview of the Brazilian market:

Consumption of Portland Cement by

intermediate cement destination in Brazil - 2021
Source: Annual Report of the National Cement Industry Syndicate

Concreteiras
Ready-mixed

“* Amount of small construction 8?52?222:@&7%
R —

** Low economic growth

** Governmental inefficiency

Revendedores
> Retqil Sales

¢ Bureaucracy o

Importacao

*** Low public investment " o

Artefatos/
Cemenr Masonry units

‘:‘ P u rc h a Se Powe r Pa rity ( P P P) & %k * Construtoras Empreiteiras QOutros Industriais

Contractors Others manufacturers

9% 9%

+¢* Ratio Labor Cost x Material Cost
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A general overview of the Brazilian market:

*** Purchase Power Parity (PPP):

Various measures of purchasing power parity that we investigated for
construction seemed incongruent and not very robust, so we chose to NOT
adjust for different price levels among countries.
Source: MGI Report.

San Francisco-CA: $ 2,995.00/sqft = 13 times more!
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A general overview of the Brazilian market:

+¢* Ratio Labor Cost x Material Cost:

Labor rates by:
OppeD

‘/ﬁ’ ‘\) nlflrna ion.a
g(f]_(}» Il_atbourt |
*V} Organization

(Year: 2020 | PPP: 2017)

23.3 sqft/MHiof Slab FW
(aci®
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A general overview of the Brazilian market:

+¢* Ratio Labor Cost x Material Cost:

Evolution of the Brazilian Average
Construction Cost | 2007 to 2023
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Source: Brazilian Chamber of the Construction Industry (CBIC).
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Cost Distribution RC/PT Concrete
Structures in Brazil
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A general overview of the Brazilian market:

** Ratio Labor Cost x Material Cost: m(

* Formwork is NOT the higher cost \Eﬁ\ﬂ] a\

= Non-structural elements using cementitious and oy m
ceramic materials increasing Dead Loads and Creep rn

= Two-way concrete slab with beamsl as the main SN
structural solution .: Low Productivity! ] ““%

=  Significant number of conflicts between structural

elements (beams) and MEP systems
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Structural indexes, a simple and good idea!

¢ Structural Area (SA): Floor area excluding openings bigger
than 5 sqft.

¢ i1 = Concrete Volume / SA .: ‘Average Slab Thickness’

** i2 = Formwork Area / SA .: It means, (Constructability)'1

** i3 = Rebar Consumption / SA

*** i4 = Post-tension Consumption / SA

i
Units: Ibs, sqft and cuft.
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Structural indexes, a simple and good idea!

SA (ft2) CC (ft3) FW (ft2) RF (Ib) PT (Ib)
5382 3320 11033 18519 0
i1(ft3/ft2) | i2 (ft2/ft2) | i3 (Ib/ft2) | i4 (Ib/ft2)
0.62 2.05 3.44 0.00
“ J
A
$ 9.00/sqft
QUANTITY
SA (ft2) CC (ft3) FW (ft2) RF (Ib) PT (Ib)
5382 4414 8417 16449 4131
INDEXES
i1(ft3/ft2) | i2 (ft2/ft2) | i3 (Ib/ft2) | i4 (Ib/ft2)
0.82 1.56 3.06 0.77

(.

J

-
$ 12.00/sqft ~ +30%!!! LA,
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Measuring productivity using design inputs

‘RUP’: Output per Unit of Production.

RUP — Structural Area
B MH
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Measuring productivity using design inputs

RUPcum BY SERVICE:

¢ Pouring concrete:

*** Formwork assembly:

*+* Rebar installation:

¢ Post-tension (on site service): 55 Ib/MH
Units: cuft, sqft and lbs by MH.
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Measuring productivity using design inputs

Proposing the ‘Index of Complexity’ (iC):
6.20

“* FWC: Formwork area of columns 53 . PEAII:;Ol\(l’ 51o 72

T 420 .
“* FWW: Formwork area of walls z \

@]
** FWB: Formwork area of beams 220
1.20
** FWS: Formwork area of slabs 0.20
2.00

% iC=[2 x (FWC + FWW + FWB) + FWS] / SA

Unit: sqgft.
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Measuring productivity using design inputs

RUPcum:
3.6 sqft/MH

RUPcum:
4.4 sqft/MH
(+22%)

Index of Complexity (iC):

2|24]26 z.sw
(aci®
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Let’s enhance productivity!?

Designing for CONSTRUCTABILITY but SAVING MATERIAL!
¢ Structural Concept/Formwork Systems

¢ Concrete options and definitions

*** Rebar detailing

** Post-tensioning (PT)

*+* Innovation
< BIM

** Office/Construction site communication
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Let’s enhance productivity!?

«» Structural Concept/Formwork Systems: _f==_Z4.
= Take modulation seriously!

o 60 o

60

0 o o
60 o (=) 75 o
60 v ® 75
- 2 [ 8 |8 8 <8
0
Q ® ° 60 © - 75 -

= Modular variation of the slab thickness

—
x304 g L304 |} Fx203
Gty vt e e U 7
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ABA Gor
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Let’s enhance productivity!?

¢ Structural Concept/Formwork Systems:

= Mix waffle and flat slabs systems with
modular shoring/reshoring

e

’ aCi® cONCRETE
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Let’s enhance productivity!?

¢ Structural Concept/Formwork Systems:

= Use of special plastic ‘grooves’ to optimize the PT l
Balanced Loads STRANDS _ 8+ p x f

E
- ’

aCi® cONCRETE
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Let’s enhance productivity!?

¢ Concrete options and definitions:

" HPC in columns can reduce rebar congestion without
a significant cost increase, but, preferentially, its does
not have to be more than 30% higher than the rest of
the structure.

= Designing transitions and special elements with (a
bit) lower f'c than specified in the project drawings
can reduce the risk of structural reinforcements
due to concrete nonconformities
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Let’s enhance productivity!?

** Rebar detailing:

" Productivity grows fast with the rebar diameter!

ELEMENT DIAMETER
3/16" 1/4" 5/16" 3/8" 1/2" 5/8" 3/4" 1"
c/w/B 315 44.1 55.1 73.5 110.3
S 36.8 44.1 73.5 110.3 110.3 Units: lbs/MH.

= Take care with hooks and bends!

%
A Hs/er & c°
s N P NN
YN _ N
(SN PEIRON
0% _ - W

< - — —— — e \:\, = o
- o~ 1T — — — : "
= > 4 : | - d =809 . e
© = © o oo k\ N ©
FIXED PIN MOVEBLE PIN
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Let’s enhance productivity!?

*** Rebar detailing:

= Stirrups can be cost-effective,

efficient as constructable well!
!

21 21
- o~ o | [
L\\ |\ S 10 10 10 10 :
: 3 b y 6 N6 o 10 15 N7 @ 10 |
N\ | C/10 C=94 C/10 C=94 &
\l\  ARMADURAS DE FLEXAO =
\l (POSITIVA/NEGATIVA) r
4 N1

" Columns with a high rate of rebars (= 2%) never

have to be grouped with others with less rates.
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Let’s enhance productivity!?

** Rebar detailing:

» Mesh and prefabricating reinforcements can be [
a good idea but take care w/ transportation!
= If P/A > 1.0 Mpa ¢z
(145 psi): NRR in ¥ |
the top surface of‘

ArcelorMittal

Unit :
STRESS ZONES .

IN TLC 2.48
2.06
1.64 | |
1.22
0.79
0.37
-0.05
-0.47
10.90 gt
-1.32
-1.74
-2.16

-

-3.01

the waffle slabs[

(shrinkage, temp.

and flexure)?! <0°"CONCRETE
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Let’s enhance productivity!?

X1 X3
Xz

71 x|,

1 = Reversed Parabola 3 = Harped Parabola

= Banded x Distributed (RP x HP?) is the best cable layout!
" The position of the bars and cable above the columns is

L X4 X3
L

* Post-tensioning (PT):

! ARMADURAS NEGATIVAS

CrItICa| and reqlﬂre SpEClaI attent|on| *D1R. CABOS DISTRIBUIDOS)

ARMADURA NEGATIVA ! /l/
(DIR.CABOS CONCENTRADOS)A

—r CABOS DISTRIBUIDOS SOB
| CABOS CONCENTRADOS
|.5h b PILAR 1.5h

CABOS DISTRIBUIDOS SOBRW — ~ % _CABOS CONCENTRADOS

-'-;-'-’_ﬁ/—’ﬁ) 0 DHO 0 0 0o — 89 |
T T
oo ofolo o 0 _oJalo 0o o

PILAR \—BARRA DE MONTAGEM ’

ARMADURA —
POSITIVA
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Let’s enhance productivity!?

* Post-tensioning (PT):

= |nnovative solutions must be considered!

MASTER MOBILE APP FOR
CADERIX
CABLE INSTALLATION & CONFERENCE

e — o W _— .. 3

<« [WMPavScan ¢« IiPavScan

PT PLUG

!l[!lllzlogﬂgj'¥§o$gz[\gz ENGENHARIA INOVATIVA (\.‘
, ACL CONCRETE
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Let’s enhance productivity!?

*+* Innovation:

" Customization and prototyping with 3D printing can
easily help improve and implement (great) ideas!

| 4 = | -
Human Intuit'ive SoIL.ltion Al G.en.era.tive Design :
+ Al Generative Design Optimiza tion (qc}} CO N C R ET E
THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE CONVE NTION
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Let’s enhance productivity!?

** BIM:

3D MODEL

BIM COORD. AND

VIRTUAL CONSTRUCTION

C PROJECT ANALYSIS

P )

@ COORDENATION TEC&M&! n

DYNAMIC T l T ”
THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE CO/N(\:[%I\IquF\igﬁ
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Let’s enhance productivity!?

*»* Office/Construction site communication:

= All information matters!

<« 1062 - EDF-MULT-R-JSMART VISCOMDE DE MAUA - JSIMOES » CLIENTE » EMNTRADA A &)
MNome - Data de modificagdo Tipo Tamanho
230330 - ARQUITETURA 21/09/2023 10:57 Pasta de arquivos
230807 - COMNCEITUAL 21/09/2023 10:57 Pasta de arquivos
230706 - ARQUITETURA COMENTADA 21/09/2023 10:57 Pasta de arquivos
230712 - ARQUITETURA COMENTADA 21/06/2023 10:57 Pasta de arquivos
230717 - IMAGEM 21/09/2023 10:57 Pasta de arquivos
230721 - ARCQUTETURA COMENTADA 21/0G/2023 10:57 Pasta de arquivos
230724 - ARQUITETURA COMENTADA 21/09/2023 10:57 Pasta de arquivos
230808 - TOPOGRAFIA 21/09/2023 10:57 Pasta de arquivos

230809 - COMENTARIO SOBRE ISTALACO...  21/08/2023 10:57 Pasta de arquivos

230818 - ARQUITETURA COMENTADA 21/09/2023 10:57 Pasta de arquivos
230901 - ARQUITETURA COMENTADA 21/06/2023 10:57 Pasta de arquivos
230806 - COMENTARIO DR JOSE SOBREP...  21/08/2023 10:57 Pasta de arquivos
230918 - ARQUITETURA 22/0G/2023 10:47 Pasta de arquivos

230918 - APROVACAO FORMA TIPO 21/09/2023 10:57 Pasta de arquivos

THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Chat

000
=1

Spaces

O

! Gmall

/ Escrever

@ [@Trello Arssdewabsiho v  Recents -

Marcado com estrela Tomplates

> SCRUM QUALITAS & 5 Vi Ares e wabino (LRI

SEG-16/10 QuA-18/10

Qui-i10

913-HUMBERTO BARR...
921-RES.NARIADINA
938-RESERVA DAS GAR...
941-BLOKO-IMP.CUMB...
946-MONTENEGRO

947-WS-MALL

951-MANDARA

M@ Trello s de wanaine

! MACROPLANEJAMENTO QUALITAS ¢

953-ETE-FANTASTIQU...

ETAPA 5D: PRE FORMA (COM
CLIENTE)

ETAPA 06: LIBERADG PARA
INICIO DO EXECUTIVO

969-PADRE CICERO
971-CLUB-HOUSE VAR... = -
998-HARD ROCK HOTEL
1003-LUXURY RESORT
1006-J SMART- J135
1009-FAN-NILO-FIR
1016-LAGO MAX-CLUB...
1035-GRAN-PARC-DUO

1039-RIO PRETO

1073-ALPHA GARDEN
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Ranking productivity: Data matter!
Y

EEYou can't manage what you don't measure.
(William Edwards Deming)

IMPACTO

CALCULADORA DE PRODUTIVIDADE
Ciclo Serventes Auxiliares Profissionais Encarregados

a empresa/obra

_Tribeca

Certificamos aue®

_____-
izar

astradd 2023,
JULHO
SUA OBRA ESTA CLASSIFICADA EM VOCE ESTA GASTANDO peri dod d de
a
A MAIS QUE Melhor produtivi o
Are
60% o
@ oo R$ 85,65/m? ‘ e ‘ ey 626,77
i 18 R$ 53!6
Comparativo Sugestoes
L]
Posicse = (@REE | | YR R0 L Aagan®®
SSSSSSSSS L]
100 Area (m?) 62677 | | e »
Profissionais °
10 Ciclo de laje (dias) 7
Encarregados [ ]
5 Funciondrios 33 Mesties ° M h 2 000
RS 85,65 Custo (m?) R$ 53,68 0 2 4 6 8 10 12 o re t a n
Obra @ Sugestdo (Média)
; cycles cataloged!!!
e 00
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Some real examples

iC: 2.1 (-34%)?

= j1=0.65 ft3/ft2
= j2=1.55ft2/ft2

| s = i3=3.211b/ft2 y
T e = i4=03110/f2 [RET = el N D
- - L - A=295
: LUUUUDUUUD__] i P
L |11 HHHH HHHH i [ = RUPcum =4.75 sqft/MH (+32%)
e T . $10.00/sqft (+11%)
(@ci® cONCRETE
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Some real examples

¢ Example 02: iC: 2.2 (31%) ?

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

" i1=0.76 ft3/ft2
A EE a i i = j2=1.56ft2/ft2
00000 NN EE . Hhopopon,.
00000 OpOopOOUOOOoooooooa || 4 .
OO0 CoCo0oonOooOpooog = §i3=4.06Ib/ft2
LI IL O JE L] CICHICHOIC ) | R
sEsa PEEsasaunsnsasnsnaill| I
00000 Eohoooooocoonoooa] (e ™ 14 =0.66 |b/ft2
L0 SEEEEEEEEEEEEE RN NN ; STR 1
Oo000 OO0 L DODODOO0) | g
T = A=37.6 W I
— 1

—

= RUPcum = 3.94 sqft/MH (+9%)

Sl'h@7 =0 = $12.00/sqft (+33%**)

THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE L CONCRETE
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Some real examples

N¢ ° °
** Example 03: iC: 2.1 (-3a%) ?
) % i HEHE ' 2.0(2.2(24]|2.
R ] e—
i Efa + e {7 il T F = i1=0.66ft3/ft2
i il
S5 it T " i2=1.53 ft2/ft2
D e o 322,87 Ib/ft2
s [ ET E‘EE= BE LF;_D SR
FE o Eiaia " i4=0.69Ilb/ft2
E = A=37.5 N
E : = RUPcum = 4.57 sqft/MH (+27%)
E i = $10.00/sqft (11%)

THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE CONVENTION
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Some real examples

7 . . STR 18,

“** Example 04: iC: 2.2 (-31%)?
_$§E@@§ “z.o 22(24(26(28 3.0“

S ERESS

oo ulljj”ED”D'E}EETtTIZ’; = i1=0.79 ft3/ft2

07 Thopdpophas _
] R = j2=1.57ft2/ft2

O O o o o =

oo chohopos 58 = i3 =3.52I|b/ft2

oo chohchooth \ =1 )

07 coohchooon ]

PR ! | = j4=0.70 Ib/ft2
G i S s s s s % b=

:@E‘ i ;DDD:IDDDI 1DDE}DDD:}DZII rdGD[::DDDEDDjEDI - A — 40.5* I 29.9 "hﬁ_

E% = RUPcum = 4.25 sqft/MH (+18%)

': = $12.00/sqgft (+33%)
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Some real examples

STR 50

*** Example 05: iC: 3.2 (0%)

) NN . i1 - £
NIRRT %& TR
l, SRR SR mm-‘_r iﬁ’?(-ﬁ S 22?2 B Bt P - = u IZ - 2-06 ftZ/ftz
0 R O ) 1 e O O o o o o
CoCpODo | Pophobocpao| [Chcpdoccpaotoapopopaoopas .
CoCpoCpopohoooococpopop| Chcpchopapcoccphopopohaoad = i3 = 6.99 |b/ft2
ChChOpCocpcocpbCbdocoo| [ChcodococbdocpOpopopabopos
B 0 0 O O O I [ [ I | S N S S S
8 I T I 8 IS [ I I [ [ e ([ .
5 )OI o | O R 1 W 0.72 |b/ft2
CoCpOpdoCpabcoCod ™ a | dbcocboocpdodpOpdpbopaoopas
BN NS e NN S CoCpCoCncoCoopOoCnaocoopaD
00 o0 | H OO0 OO0 __l[____lu_JU_UIEE - A - 34 1
653 R ﬂ Cl — 55 'wiw‘- _ = e
bsEEE
| | h T
1 A ju s hsae s = RUPcum =2.45 Sth/MH (-32%) =
| Eanamnl=——— g
EEmmam" = $19.00/sqft (+111%)
TV
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Getting to ‘NET Zero’!

A zero-caroon future

Embodied carbon

Fig 1: Idealised reduction rate for embodied carbon in concrete

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

50% probability of limiting

warming to 1.5°C Reduction strategies

66% probability of Emiting

Carbon benchmarking
warming to 1.5%C

Improvements in
how we use concrete

Increase utilisation factors and assess design optimisation

iy Improvements in
Y
S how we make concrete
“\n-
\.‘
w~~‘
Se Net zero
= -~
~ Critical period for change bl T
. B e T
2025 2030 2035
Year

Include voids, coffers or profile sections to reduce concrete volume in thick or planar
concrete sections (slabs, rafts, diaphragm walls, profiled retaining wave walls)

o e e e e ]

Low Carbon Concrete
Routemap

Setting the agenda for a path to net zero

THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Include volds, coffers or profile sections to reduce concrete volume in thick or planar

concrete secthans (slabs, rafts, diaphragm walls, profiled retaining wave walls) 4 02

Increase utilisation factors and assess design aptimisation 4 L

Mate use of EN 1992 provisions to reduce material partial factors based on quality 2022
control and reduced deviations

Take account in design of the real strength of concrete arising from the cement 2022
content that i reguired for workabilty and early strength gain

Specify reinforcement that will nat comode and define the real lfetime of i€ elements . 3021

Specify an upper bound an kg CO.efm®. Consider contractual incentives if  lower
carban content & achisved. Allow the concrete supplier the maximum possible 3 012
flexibdity to meet or beat the specified upper-bound kg 00 2/m

(@ci® cONCRETE
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Getting to ‘NET Zero’!

(-13%) * %

THE WORLD'S GATHERING PLACE FOR ADVANCING CONCRETE L CONCRETE
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‘A Journey to Concrete Productivity in Brazil’

Thank you!
Any questions?

™M

mario@qualitasestrutural.com.br

. g
mario-esmeraldo
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