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IMPORTANT NOTICE

This document contains proprietary information which is the exclusive
property of DWS Electronics, and may not be reproduced in any form
without its express consent.

The information contained herein is supplied without representation
or warranty of any kind. DWS Electronics therefore assumes no
responsibility and shall have no liability, consequential or
otherwise, of any kind arising from the use of this meter and/or
information contained in this material.
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Introduction

The Model 1101 Maturity Meter provides accurate, predicable concrete
strength cetermination by monitoring the concrete temperature via a
disposable thermocouple wire. Some of the benefits of using this

meter on the construction site include:

Form and Shoring Removal Time Prediction

Loading and Post-Tensioning Time Prediction

Contrel of winter Heating and Insulation Requirements
Accelerated Construction Scheduling

|

vears of experience using data logging electronics in construction
environments are behind the Model 1101 Maturity Meters Design. It is
housed in a water-tight, impact resistant enclosure and includes
rechargeable batteries and a low battery indicator.

Thermocouple temperature sensing is utilized to enable long or short
cable runs and to allow flexibility and ease of placement of the
femperatiure sensor. Low cost, type "T" thermocouple wire is used.
Status indicators include transducer open-circuit and over/under
range nonitors. Connections are made via a quick-connect
thermocouple jack.

Temperature and cumulative degree-hour values are displayed
simultaneously on a 1/2" high liquid crystal display. There are no
switches or buttons to fail or break - the unit power/reset circuit

is magnetically operated.

Please familiarize vyourself with this manual before using the
meter. There are some helpful hints that could save you time and
money.
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Meter Operation
Introduction

The Model 1101 Concrete Maturity Meter is a very simple instrument to
operate. The measured concrete temperature is displayed continuously
along with the maturity "temperature-time" factor. Read through the
following operational instructions to become familiar with the meter
and then use the appendix as required for more details. Fully charge
the battery before the meter is initially used.

If you want to KkKnow more about applying the maturity concept to

concrete strength estimation, please refer tc ASTM C1074-87,
"Estimating Concrete Strength by the Maturity Method".

Turning The Meter On and Off

The meter power switch is actuated by holding a magnet against the
side of the enclosure which is behind the display (at the bottom
center). A magnet is included with the Maturity Meter but virtually
any magnet will work. The switch has a toagle operation wherein the
magnet must be removed and replaced to turn the power back off. The
maturity wvalue is reset by turning the meter off and on.

Alarm Conditions

There are 2 alarm indicators that can be seen on the LCD
display. They are:

- "gpen-circuit” All the decimals will stay on if there is a break
in the thermocouple cable. Check the cable and plug wiring.

- "low-battery" The colons [between the digits) will stay on if
there 1is less than 10 percent of the battery charge left. Re-charge
the battery as soon as feasible.
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Field Preparation

Thermocouples

Thermocouple temperature sensors are used because they are economical
and rugged. They are ideally suited to maturity meter applications as
different length cables, deep sensor placement and complex form work
are easily accommodated.

"T" type thermocouples made of copper - constantan are used. They
ar= available in + 0.5 or + 1°C accuracies, in a wide range of wire
sizes and insulation types, and are inexpensive. Thermocouple wire
can be purchased from most wire companies and is available (along
with staiidard connectors) from distributors of this meter.

Cable Preparation

To prepare a thermocouple temperature transducer you will need a
length of "T" type thermocouple wire of 24 gaucge or larger size and a
standard "TY tvpe thermocouple plug. These plugs are included with
the meter and they are available through Maturity Meter distributors
or any of a number of different manufacturers. For long cable runs
use heavier gauge wire and if the situation warrants, consider the
use of armoured cable.

The thermocouple wire has a polarity to if, the copper being the (+)
side and¢ the constantan (silver in color) being the (-)

side., Disassemble the plug, separate the wire pair one inch (1") and
strip half an  inch (1/2") off of each lead. Making sure that the

polarity is correct, connect the wires to the plug and re assemble.

To form the temperature transducer at the other end of the wire,
strip the wire end as above but this time twist the two leads
tocether {use a pair of pliers teo insure that the connection is
selid}. The point where the wire leads are twisted together forms
the temperature ftransducer. To make as permanent a connection as
possible it is recommended that the wires be soldered as well, To
prevent damage cr corrosion, plastic dipping using a material such as
"PLASTI-DIP" is also recommended,

Thermocouple cables may be prepared at the office so that site
installation is accemplished in as  efficlent a manner as
possible. Cables may be reused by cutting off old cables at the
concrete interface and following the same procedure as for a new
cable.



Model 1101 Concrete Maturity Meter Users Guide

Meter and Thermocouple Flacement

When using the meter on the construction site vyou should keep the
following peints in mind:

- the most common cause of Maturity Meter failures is from accidental
damage. Secure the meter away from high traffic areas, material that
might be moved when you're not around, and take care in transporting
them.

- long cable runs can ke a problem if routed through high traffic
areas or around material that might be moved. Try to keep the cable
lengths as short as possible while making it easyv to read the meter's
display.

- Concrete is very dense and can rip thermocouple wires when being
poured., Vibrators are often used which can cause the reinforcing
bars and mesh to vibrate violently. To reduce the possibility of
transducer failure, carefully place the wires around the reinforcing
bars. Makes sure the wiring is done before the forms are
completed. For critical areas, wire more than one thermocouple so
that you have a backup if a transducer "open circuit" occurs.

- The exterior surface of the meter may be kept clean by protecting
it in a case. Contact with wet concrete is to be avoided.

To avoid cover estimating the concrete strength, try to place the
temperature sensor in a cooler section of the concrete placement. See
ESTM standard C1074-87 for more information.



fodel 1101 Concrete Maturity Meter Users Guide

Appendix

Battery Charging/Maintenance

The Maturity Meter uses a s=aled lead-acid rechargeable battery. It
ie an excellent battery, which will stand up to rough operating
conditions like cvercharge and overdischarge. There is no corrosive
gas generation and is of leak-proof design. Under normal conditions
the baftery life expectancy will be 4 years or more.

To charge the baftfery unscrew the—4 x oy

gl{a{tic {1 apd lift” it back oy’ its g0
e mekér b ore, cingsthis g0 thay 0 A

Charge pe—battery—iistptug  the Naroe ered—ato = =1

circwit-baard dack. The battery should be charged for a minimum of 24

hours after a complete discharge. The battery should be charged

hefore initial use as well.

Two TImportant WNotes: (1) _Stati . L_voltage can damage electronic -

equipment so do not touch tﬁ&prmted circuit board; and (2) Always
recharge the battery immediately after use to avoid battery damage
caused by self discharge. The most effective charging temperature
range is 10 1o 30 degrees C. Charging above 40 degrees or below 0
degrees C is not recommended.

Meter operation above or below 20°C femperature will reduce the
battery capacity. Battery capacity during long term storage decreases
to 80 percent in 8 months at 20 degrees C and 80 percent in 2 months
at 40 degrees . Therefore storage at lower temperatures is
preferable,

The Maturity Meter is housed in a polycarbonate enclosure which is an
extramely strong material. It resists scratching, maintains its
flexibility over a wide range of temperatures and is impervious to
most solvents. With occasicnal washing the enclosure will stay
looking good for a long time.

Cement is hydroscopic in nature and contact with the enclosure will
eventually cause the lid machine screws to become devoid of
lubrication. A drop of oil will make the screws easier to loosen.

The thermocouple jacks should be kept free of any dirt or concrete
dust., Electrical contact cleaner is not recommended but alcohol and X
a small wire brush could clean out stubborn dirt.
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Maturity Concept Theory

In the last few vears there has been a good deal of investigative
work done in area of concrete strength determination through
electronic temparature measurement. This work is based on the
findings of J.M. Plowman, who first advanced the time-temperature
rate of gain of strength in portland cement concrete in 1947.

There are various methods of relating the concrete time-temperature
data to strength, but most methods employ the integrated value of
temperature with time. The "maturity value" is given by:

M = SUM[t(T + 10)]

where M = Maturity (degrees C * hours)
T = Average concrete temperature (degrees C)
t = Duration of curing (hours)

Interpolation of integrated temperature values on pre-determined
strenath versus time-temperature graphs enables instant strength
calculations. Because concrete continues to gain strength down to
about -10 degrees Celcius this wvalue is usually used as the
integration "datum temperature" and is the value used by the Model
1101 meter for ths maturity "temperature-time" factor calculation.
This maturity factor can be adjusted to reaflect any desired "datum
temperature® by using the technigue described on the following
page.

Although different concrete mix designs exhibit similar curing
characteristics, each should be tested to determine its exact
strength/maturity relationship.

Maturity Values are converted to strength estimates through the use
of prediction equations. The subject of converting maturity values to
concrete strength estimates is dealt with extensively in the ASTM
(American Society for Testing and Materials} Standard C1074-87.
Anyone using maturity meters should obtain a copy of this standard
either through vyour local library or directly through ASTM. This
standard alsco provides instructions on how to select maturity
function constants (parameters} for different types of concrete and
gives clear example calculations.
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Shifting the Datum Temperatire

In some situatioris it might be desirable (for accuracy reasons) to
shift the datum temperature in prediction calculations from -10
degrees C to some other value. Maturity readings can be converted to
the new datum temperature with the following mathematical
manipulations:

First calculate the average temperature for each maturity value
recorded. The basic Maturity ecuation:

M = SUM[t(T + 10)]
can be re-written as:
M = d(Ta + 10)

where duration of curing (hours)

'I(‘ja =— average temperature over duration d (degrees C)
therefore:

Ta = M/d - 10
Converting a maturity value tc a new datum temperature is then:

M=d4d(Ta + 10 - [Td + 10])

- 10 -
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Specifications

Temperature Measurement

Sensor Measurement Range
Accuracy
Thermeocouple Wire

Battery
Typel _
Service Life
Mechanical
Dimensions
Case Material

Weight
Thermocouple Connectors

Environmental

Operating Temperature
Enclosure

Maturity Value Calculations

Users Guide

=109 to *99°C
+3=C

Type T

6V 2.4 Amp-hour Lead Acid
3 months at 20°C

4.7" % 4.8" x 2.2"
Polycarbonate
1.5 1lbs

Omega OST-T-F (plug)
4

-20°C to +50°C
Splash Resistant,
Impact Resistant

Maximum Maturity Values Displayed:

Temperature-Time Factor

= 1] =

19999=C hours
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Model 1101 Concrete Maturity Meter Assembly, Test and Calibration
[Revision Level 3.0] 20 June 1989

Introduction

Full ESC protection must be provided at all times during assembly and
testing. This includes the use of wrist straps, mats and proper
handling and storage containers.

Tc assist in the Assemkly and Quality Control of the Model 1101
Ceoncrete  Maturity Meter. a sample of a werking meter should be
partially disassembled and made available for reference.

Printed Circuit Board Assembly
Cbtain & copy of the parts placemert drawing before starting.
1. Mask off holes for the following components:

- PCE standoff holes (5)

- LCD1

- Thermocounle inputs ("CONS")
- PC1 & PZ2 Connectors

* oA all boards for correct masking before stuffing.

2., tuff all components except those listed above inte PCE while
taking note of polarity sensitive devices.

-
* oA all beards for correct component lead forming, placement,
position etc. before wave soldering.

3. Wave solder boards. Wash and Dry. Component leads must be clipped
tc a length no greater than 0.040".

4. Perform any required rewcrk to seat floated components, etc. Hand
stuff the following components:

- Lcbi

- PC1 & PC2Z connectors {(underside of PCB)
* On all boards for proper soldering and general assembly
workmanship bhefore testing. Serialize each beoard during inspection.
Printed Circuit Board Testing

Attach the JCT1 Test Cable (with a 6V battery connected) to the
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PCZ2 mating posts on the PCB.

2. To turn meter on, temwpcrarily short together the PC2 connector
posts. The display should turn on the 8 decimals aleng the bottom.

3. Adiust P3 (the power supplv voltage potentiometer) for ©.000 volts
output at U18/pin 1.

4. Short together the Thermoccuple "CONS" pads on the board. The
display sliould indicate approximately the room temperature.

If the meter does not seem to be functioning properly, place a red dct
on the display and give to the repair center.
Printed Circuit Board Repair
Obtain a copy of the schematic and a functional meter before starting.
Visually inspect the board for clean solder joints, shorts, opens,
correct component placement and polarities etc. before starting.
1. Power up the meter. Check for proper "+V" and "-V" voltage levels.
2. Measure the oscillatcer frequency on Uld/pin 4 (32.768 kHz).
3. Measure the D/A ramp profile on Ul9/pin 14.

-

4, Short together Thermocouple pads and measure Ul7/pin 8 for veltage
output (10mv/°C). Measure Ul2/pin 8 for -3 times this voltage.

5. Look at pulse train for temperature input at U2/pin 14. Look at
pulse train for time-temperature input at U3/pin 10.

6. Check LCD backplane and drive signals (originating from U8).

Enclosure Assembly
1. cut thermocouple (TC) wire to 4" lengths and strip both ends.

2. Attach TC wire tco the panel jack (JP-T-F) screw terminals while
taking note of the pclarity of the wires.

-~

2. &eal screw terminals and "socket tunnel” on the panel jack with
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silicone =3145.

4. Push or Tap the custom Brass standoffs into »lace after dispensing
a small drop of Loctite Elack Max adhesive in each plastic hoss.

5. Assemble the charge port cable/connector as per wiring details
provided. Seal contact heles at rear of connector with Silicon 3145.

6. Attach bhoth the TC panel jack and charge port connector (Amp
Receptacle) to the machined polycarbonate enclosure:

a. The TC panel jack uses 2 screw brackets.

b. The Amp receptacle uses 4 mounting holes machined in the
plastic. Three are counter-sunk to allow flush installation of the
£4-40 flat head machine screws. The last uses a washer and 24-40
Fan Head screw to accomodate the installation of the Amp plastic
sealing cap. Lock washers and hex nuts are then used to tighten
the receptacle to the wall.

7. To provide a watertight barrier, use additicnal silicon sealant at
the connector/enclosure interface and on the mounting screws.

&. Complete the macnetic switch (PX1) assembhly as per the details
provided.

5. Attach the Panasonic Battery with Silicon 3145. Immediately
install the battery strap using the =4-40 flat head screws thru the
bottom of the enclosure. These mounting holes must be sealed to retain
a watertight barrier. The magnetic switch is also installed using the
same #4-40 x 5/8" screw that is used to mcunt the strap.

Meter Final Assembly
1. Place the PCE into place in the enclosure.

2. Atzach the JC2 cablz {Mclex) from the magnetic switch: to the PC2
posts on the underside cf the PCB.

2. Attach the clarge port cable Faston connectors to the battery then
plug thie charge port 2able into the PC1 position. Check for a firm
connection.
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4, Pull the TC wire through the hole beside U17 and solder into place
while noting the proper peclarity (silver wire to the "CONS" hole).

5. Use the #6-32 screws, flat washers and rubber grommets to mount
the PCB to the standoffs. Tighten 3-5 ft-lbs.

6. Attach the Top Cover and Bottom Serial = ID labels. Fully charge
the hattery.

7. Attach the Amp connector to the 6VDC wall transformer cable as per
wiring diagram.

Meter Calibration

2 temperature baths are required for this calibration. One bath is to
he at 0°C (ice bath) and the other is to he at 30 to 40°C. The "hot"
bath must be at a known temperature. Do not handle the circuit board
for 5 minutes before this test is conducted.

1. Power up the meter. Adjust P3 (the pcwer supply voltage
potenticmeter) for 5.0C00 volts output at Ulg8/pin 1

2. Adjust P2 (offset potentiometer) for 0.000 wvolts output at
Ul2/pin 1 {offset op-amp).

2. Place the thermocouple sensor in the "hot" bath. Measurevthe ADS595
output voltage at Ul7/pin € and then adjust P1 (gain potentiometer)
for a voltage at UlZ/pin 7 (gain op-amp) of -3 times the ADS595 output
voltage.

4. Flace the thermocouple sensor in the "ice" bath. Adjust P2 (offset
potentiometer) to the point where the "-" sign on the display flickers
on and off. The display will not necessarilv read 0°C - don't worry
about this, the meter conversion resolution is i1° and therefore mav
display +1°C.

5 Place the thermocouple sensor in  the "hot" bath and adjust P1
(gain potentiometer) to the point where the displayed temperature
equals the actual temperature. To reduce the calibration error caused
by the 1I°C resclution of the display, obs:zrve the transition point

from the correct value to the next lower of hicher wvalue (and note the
potentiometer position) and turn the potentiometer back to the
appropriate position (best estimate).
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6. Re-check the "ice" point setting and adjust if necessary. If an
adjustment is made then re-check the "hot" point setting.

Technical Note:

Rfter point 2 above, the circuit will be operating with no offset or
gain compensation. The difference between the displaved temperature
and the ADS95 output temperature (10mV/°C) is the circuit measurement
error. The difference between the actual temperature and the ADS595
cutput temperature is the ADS595 measurement error. By noting these
errors (not required for this test) while measuring the "hot" bath
temperature and then placing the thermocouple sensor in the "jce"
bath and noting the errors, both the AD59% and circuit offset and
gain measurement errors can be determined. It is these errors that
are be trimmed out using P1 and P2.

Packaging
The meters are to be shipped with the following accessories:
- 10 feet of TC wire that is prepared as a sensor
[scldered and plastic coated on one end, attached to a
TC plug (OST-T-F) on the other end]
= 1 spare TC plug
- € VDC wall transformer with Amp Plug attached
- Magnet (from internals of 2nd. half of proximity sensor)
- Users Guide

- Warranty Policy/Service Infcrmation Card
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