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Challenges Faced by Most Construction Projects
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Enhancement for Production of

Temperature Controlled Concrete




CHALLENGE faced by CONCRETE PLANT: Temperature-controlled concrete
Ice content input is BY OPERATORS’ EXPERIENCE.  cement hydration is an exothermic

reaction that gives concrete its strength.
Therefore, maintaining concrete at an
appropriate temperature is crucial part of
concrete quality control.

>60% of concrete poured from July to
September are temperature-controlled.
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Forecast Daily Ice Order  Human Judgement % Ice Content Transport Site Temperature Test

Existing procedure that controls the ice content relies on human judgement and the
first truck is often a bit of a blind guess.
This results in excess ice consumption.
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Forecast Daily Ice Order

- v H%E—'ﬁ Temperature sensor

% ce Content Onboarg on concrete trucks

Temperature Sensor Delivery

Concrete Management
System Database

Machine Leamning

Applying machine learning techniques on concrete management system (CMS)
data, we make use of the data collected by temperature sensors installed on
concrete trucks to provide suggestions on the optimal amount of ice to be used.
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. . EJll = Plant Production Progress Monitor Concrete Management System ver200225 © Sign out
Concrete Ice Prediction
e # 12843 - Tsing Yi Batching Plant v ® | 30112021
.
= 12843 966931 1 13868 45MPa Cement/PFA Grout (WKEONVDS14) a0 40 I U259 1968 247 =
12843 967275 15 3201407 45/20D 150mm (BAG0BM2SNA) OPC, SIF 1800 nzo NS RT3706 221 274
12843 966951 1 13908 607200 200mm (8A7SBNFCSA) OPC, SIF 30 30 N vvs2ss 1925 1856
Expect svarage weather tamparatureof the day. 12843 s67202 1 13788 45720D 125mm (SAG0BX29WA) OPC, SIF 70 72 N 25 2201 2452
30 [ 12883 967248 1 13928 1:3 Gement Mortar (WBSOFNNNZN) PFA, S 10 10 ORI ~vs303 1650 240
12843 967249 0 13928 60/10D 200mm (BE73JNFCHA) PFA, CSF. 700 730 N U233 2146 2505
Expectime o devery 12843 967250 s 13911 40720D 200mm (8B84BVCATA) PFA, SIF, Tr. 360 20 (N Rvs303 1820 248
- = 12843 wnzre 3 15230 407200 75mm (3B50BI28RN) Carrisgeway 20 w7 G s 278 210
12883 967269 3 13788 607200 200mm (BATOBNTCNS) OPC, SIF 01 2 S U250 1893 1948
Successul, required csfree waterpercentage s 30%
Predited arval temperaturl at tis cs content s 287 degres
Grana Toat “ w261 wio|

Prediction History Concrete Management System to monitor on-site concrete temperature.
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* Less waste : Save ~25 kg Ice / m® TC concrete

Predicted Arrival Temmperaturs

* Minimize non-conformance in concrete temperature
* Minimize temperature checking for every truck of concrete

Mobile-friendly user interface for easy access o : )
of optimization resutt Increase Clients’ Trust
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In-situ Concrete Strength Monitoring

Using Maturity Sensors

CHALLENGE faced by most construction projects:
In-situ concrete strength is UNKNOWN




A Solution of Concrete Real Time Monitoring After Placement

Concrete Placement &
Site Inspection

ion Limited. All Rights Reserved

Compressive Strength on
7D- and 28D Age
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Timeline of Concrete Quality Control On site
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Theoretical basis
Strength-maturity relationship (-10% safety factor)
A e . N TR The strength development of concrete is
. driven by cement hydration.
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H e This is an exothermic reaction, so it
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ks releases heat.
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, 8® There is a direct link between the .
i temperature of concrete over time and it's
SN . strength development.
% 0 200 400 600 Eqmvalzgsage(hoi?fzt - 1200 1400 1600 1800
Source: Converge - Calibration report (AMC Project 50/200) Rev 01 08/11/19 Maturity Sensors, i.e. Converge, follows
the ASTM-C1074 standard to apply the
g maturity method as it is the most detailed.
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In-situ concrete strength is
estimated base on maturity reading
from sensor

Develop correlation between Maturity
Index and concrete strength

1. Providing accurate real-time in-situ strength information

2. Provide opportunity to reduce construction cycle time with real time concrete strength, hence improve overall
construction programme

3. Environmental benefits associated with elimination of test cube transport and disposal.
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Gammon applied Converge sensors to monitor early age concrete strength instead of testing 7-day
cubes at Advanced Manufacturing Centre in Tseung Kwan O.
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Tseung Kwan O
Industrial Estate
Hong Kong
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Advanced Manufacturing Centre

(AMC)
Cover feature in HKSTP
magazine (May 2021)
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Gammon applied Converge Sensors to reduce cycle time from pour to strike for Quayside.

s+ |nstalled 12
Sensors on each
floor: 2 sensors per
slab

'+ Shortened the
overall programme
£25 days (avg.
22 hours perpour

CHALLENGE faced by most construction projects:
All concrete are same color. Grade strength cannot be
identified. Mis-placing may occur.

Temperature Record over Time
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Reduction of Paperwork

CHALLENGE faced not only Concrete Batching Plant:
Much paperwork

Client's
Request

Design Input
& Output
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E  To prepare Concrete Mix Submission

; + To create new Concrete Item Code, Bill of materials (BOM)
; and its associated cost in Enterprise Resource Planning
(ERP) System

..+ Time-saving up to 50%; Accuracy is enhanced to 95%.
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Batching Plant
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| Foremen request Site | | |
2 | Administratorto raise order [ ] Site A input | o | 0 |
e : w via phone call or paper form 4_ the order manually. ! < (o | < [0 |
Q [l > t > |
o || /t| J\ | o | ° |
I Foremen Site Administrator [— System ! Concrete !
i : ! Production I
\ Ordering by paper/femail request during office hours l\ System )
~

Batching Plant

/ V= L = i
i o) [Foremenraise order on mobile app> Integration to ERP System i > g ! > ry - I
R - ! - | c° T I
| Operation Concrete | ERP System | oncrete i
| nagemen | Production
: @ S’\)A/slerg (CMS‘) I i System i
| 0 |
N N Ordering App Ordering available any time ) l\ //I
v Only approved mixes are available for ordering
v Clear, yet direct order requisition/transmission
v Readily available for frontline concrete users
19
Screenshot of Concrete Ordering App
Ordering =
Col C1B2-B1
|
Pour Group:
[NO GROUP] Grade: CSD - 80 MPa
Pour Date: 22/10/2021 Slump: ©SD - 200mm
Locafton: Temperature
Column C1B2-B1 Control: 2%
Field Measured Mix Code: & Contact: Gabriel Chan
aty: 80 325-8BIEBZFEHS - 80/20D 200mm PFA...
Contact No: 60777689

PW/TW/Blinding: ~ Permanent - Mass Con...

Subcontractor:
1270 - Dicky Development Engineering Ltd

Contra Charge: No

Plant:
Batching Plant - Tsing Yi

Order Qty: 32
First Load On Site: 09:30

Load Per Hour: 1

Delivery Instruction:
Gate 1

Remarks:
Please call on arrival

Add Mix
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Enhancement of Concrete Delivery

and Resources Planning

CHALLENGE faced by most construction projects:
Worried on No trucks on site
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Today’s Concrete Delivery (s ExrasTime: 8/3/2020 11:16:22 aM)
Source of Data: Concrete Management System

(] [ ®@(m3)|emA  [MAEN] 7AW AW sAu[ foAm| 1AM 12pM]  1em
101 ] 0843 1 1

102 1065 0850~1523 | 15 1 2 3 2 3 1]
103 10[0734 1 1

108 013538 Proposed 553 w1 2

105 11353 Proporec 302(1433-1650 s

106 013568 Proposed 10/ 0510
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109 Today’s Concrete Delivery by Batching Plant

Dashboard

Key members access to the
concrete delivery performance
report of all concrete orders
whenever they need to make
informed delivery arrangement.

With this new report, the limited
resources can be better utilized.
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DATE: 09/10/2018

Concrete Supply Tracking rowse 20 09/10
armiveTive: Arriving rruck: NP6379
IR T —— Production proaress at pla Goncrets Management System vcsryin B oo 1897173 vot.: 7
prog p wix 80/20D 200mm PFA CSF S/F TC30
A | 12843 Tsing Yi Batching Plant v & 12120017 arrive Tive: ArTiving Truck: LW710
B oo 1897169 voL.: 7
PlantNo ¥ Orde. OrderNo.¥ No.OfTrucks * Froject ¥ Description Tk e, s Tk, Ordered..”  Delivered. Percentage ux- 80/20D 200mm PFA CSF S/F TC30
12883 0 (e o 13518 60/10D G00mMFlow HP(SHS) 60 00 ® A semvere Arfiving  maver: DN1498
12843 102 762723 [ 12518 60110D 600mmFlow HP(5hrs) 01 00 0% m pocker: 1897166 vl 7
wix:80/20D 200mm PFA CSF S/F TC30
12883 0 19665 451Pa CementPFA Groul (WKEONDK9IN)... | 06:10 o510 50 50 R
12883 00 Ten2 s 13685 45120D 200mm (8B8OCDKSTN) PFA Tremie... | 06:10 1225 ®00 77 (R semverwe ATTiving  ravc: RD99QT
12843 105 76208 o 13685 200200 100mm PEASIF 50 00 o B oo 1897162 7 Remote monitoring
12643 w06 7et7e A 13665 45MPa Cement/PFA Grout (WKEONDKSTN).. 0500 0500 50 50 i 80/20D 200mm PFA CSF S/F TC: B
12883 W eme s 13665 46120D 200mm (SB8OCDKITN) PFA Tremie... | 0804 1410 w00 eoc (S on dellvery status
12843 08 e 1 12843 451200 200mm (SB30COKSTA) PFATremie . 0550 0550 30 30 arrive Time: 07:42 ruek UX6649
... 1010000
12683 0 rerie 1 19665 1:3 Cement Morar (WBBOFNNNZN) 25%PFA... 0607 0507 20 10 T
12843 10 e 4 13668 46200 125mm (SB63BK2ONC) PFA(SF) 0618 1427 w00 atec (EEEEN =
12843 1 762718 1 13668 601200 125mm (SBBOBL2CNC) PFA (SIF)  06:07 o607 140 72 %,
12843 12 762368 3 13638 45/20D 125mm (SB6SBK29NA) PFA (SIF) 1404 1430 1500 210 [l 4% 9
12843 o emsn 4 1938 60200 200mm GETGENTCNA)PFA(SF) 1355 1355 500 nE e ®
td > 2
Grand Total 1867 15728 5% 5
< (1 Ji» b [ 100~ temsperpage 1-7101 71 ftems
2 Real-time Truck
0% .
Goncrete Delivery Progress Concrete Management System ve: Tracking
) | 13662 - Ocean Park TSW Waterpar.C006 v & | 2nnon “:}ng . 9
& Q
ABMFLE
Pour Ret “ orderNo. | Mix Description e st LsAre %, Ordered. Delivere®. Percentage “ WorkTypes Location = o
Delivery Status:  PRODUCED
R104 Batch 3 762479 Sholerete Dry Mix SF 30MPa 50 00 o Pemanent... | R104 Batch 3 . .
T e F R pr—" T, e Comentviie: 085 Real-time tracking on
SPRIootng SPROS20171212 | 762764 13 Cement Mortar 25%FFASF 1005 1005 0s 05 (R Fermanent.. | Sou Plant Ro concrete truck for site
NPR column 1211272017 762767 601200 125mm PFA SIF TC32 150 00 o Pemanent... PR column 1 Leave Plant 09:02 L.
binangorsibbaseleiel 762168 20700 t25mmPrASE P o Permanent... | binang orsub logistics arrangement
Arrive Site: . d d
Leave Site: J
Activities / Impact
Input P Outputs
rocesses Short term Intermediate Overall
Weekly order Provide * Improve daily * Daily order * Overallto |mp|‘0ve
forecast data C::::Il;: ;e:kly m:zhl to om:r zredlclnoﬂ .m:me
r racy = predict prediction ecome more order
= e e ol order accuracy and
Daily order order / all o Provide prediction for T .
quantity orders additional « Reduce time supply resources utilization
5 references to spentin management
Calculate daily * Daily delivery plant delivery improvement
Actual delivery order accuracy —| supervisors scheduling
quantity £50 on delivery work o Achieve
and savings in
l . deployment o Increase the resources
Company/ | of mixer ability to deal
Division executed and trucks with ad-hoc o Improve
unexecuted order changes. mixer truck
orderstatus utilization Im prove
Project Number —{ > summary *  Reduce rate
supply risk
o Give sivice o response to ad-hoc
handle ad- * Reduce the
Contact Person — hoc daily use of pre-
Caleul " changes ordered
> = a,‘e proEct) | mixer truck
Production behavior score *  Give advice to
Manager / Site estimate no.
gy of mixer
trucks needed I
Structural type.
Order
‘cancellation time
& reason L]

[] *0ata need to provide manually at this moment
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Factors considered in Al Model

y

7 WeeKly and
Daily
PM/ SA

Ol fie Responsible
Cancellation

N

Weekly & Daily
Order Accuracy
Scores +
Project
Behaviour
Score

Output of Al Model

Provide insight to predict order accuracy
Daily delivery scheduling automation

Hourly update of executed and unexecuted
order status summary

Advice to handle ad-hoc daily changes

Advice to estimate no. of mixer trucks
needed
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More to Explore and Adopt




More to Explore and Adopt

Use of WaveScan Technology (Microwave Radar) for Non-Destructive Structural Inspection
Detection of Voids and Rebars inside Concrete

| m Alternative to Ground Penetrating
“® Radar (GPR) Technology

- Frequency: 1-5 GHz (Shorter
wavelength)

~ + Step size: 40MHz

27

More to Explore and Adopt - Point of care (PoC) test

WaveScan can accumulate
training data by distributing
their software and
gathering information about
anomaly.

28



More to Explore and Adopt

Sensors Installed to Critical Plant and Equipment at Concrete Batching Plant
Instantaneous Problem Reporting to Minimize Down Time
‘ ©

Plant Equipment Management

Manage and maintain all plant and
lipment on a site to prevent

Setting 4%

problems arising

erved

(Brin"g’?iéw idea to our concrete
- batching plant)

ion Limited. Al Rights Res

ENVISAGE

DIGITAL

©2021 Gammon Constructi

Oyster Map

N
Vo]

c1 Gammon

«A.

_q ete dlgltal

[

mited. All

30



