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Given the high flowability and relatively fast casting rcte ¢ se:
consolidating concrete (SCC), such concrete can exs.. hign orm
pressure. Accurate assessment of form pressurc is ncisscry from
safety and economic points of view. The maximu, : for.. pressure
and pressure decay are dependent on the struct. val vuildup of the
concrete at rest following placement, as »veli «>.n the placement
parameters. The structural buildup at r_st's ¢ffected by the thixot-
ropy of the mixture. This report pres<nts 1.2 mation on key param-
eters, including constituent matevials, mixture proportioning, and
casting parameters such as th- cas. g rate, concrete temperature,
and reinforcement percentage, « = _ting thixotropy and SCC form
pressure. Prediction n-ciels avauncble for estimating SCC form
pressure are presznte. Findngs from two round-robin field studies

ACI _Cor mittee Reports and Guides are intended for
guia.nce no vlanning, designing, executing, and inspecting
costru tion. This document is intended for the use of indi-
viduls. who are competent to evaluate the significance and
{ lLunitatuons of its content and recommendations and who will
accept responsibility for the application of the material it
contains. The American Concrete Institute disclaims any and
all responsibility for the stated principles. The Institute shall
not be liable for any loss or damage arising therefrom.

Reference to this document shall not be made in contract
documents. If items found in this document are desired by
the Architect/Engineer to be a part of the contract documents,
they shall be restated in mandatory language for incorporation
by the Architect/Engineer.

conducted to validate these models are also discussed. This report
should be of interest to concrete professionals, including concrete
suppliers and formwork designers, because it covers: 1) the influ-
ence of SCC proportions and casting parameters on form pres-
sure; 2) means to estimate formwork pressure with examples; and
3) techniques to measure formwork pressure in field applications.

Keywords: form pressure; lateral pressure; self-consolidating concrete;
structural buildup at rest; thixotropy.

CONTENTS

CHAPTER 1—INTRODUCTION, p. 2
1.1—Introduction, p. 2
1.2—Scope, p. 3
1.3—Use of U.S. Customary Units in this report, p. 3

CHAPTER 2—NOTATION AND DEFINITIONS, p. 4
2.1—Notation, p. 4
2.2—Definitions, p. 4

ACI PRC-237.2-21 was adopted and published July 2021.

Copyright © 2021, American Concrete Institute.

All rights reserved including rights of reproduction and use in any form or by any
means, including the making of copies by any photo process, or by electronic or me-
chanical device, printed, written, or oral, or recording for sound or visual reproduction
or for use in any knowledge or retrieval system or device, unless permission in writing

is obtained from the copyright proprietors.
Y
(acli


https://www.stdhive.com/standards/aci-prc-2372-pdf/

2 FORM PRESSURE EXERTED BY SELF-CONSOLIDATING CONCRETE (ACI PRC-237.2-21)

CHAPTER 3—THIXOTROPY AND FORM
PRESSURE, p. 4

3.1—Thixotropy, p. 4

3.2—Thixotropy test methods, p. 5

3.3—Influence of thixotropy on form pressure, p. 9

CHAPTER 4—EFFECT OF MIXTURE
CHARACTERISTICS ON FORM PRESSURE, p. 11
4.1—Introduction, p. 11
4.2—Binder constituents and content, p. 11
4.3—Water content, p. 12
4.4—Aggregate characteristics, p. 12
4.5—Chemical admixtures, p. 13

CHAPTER 5—EFFECT OF CASTING
PARAMETERS ON FORM PRESSURE, p. 14
5.1—Introduction, p. 14
5.2—SCC mixture temperature, p. 14
5.3—Casting rate, p. 14
5.4—Formwork characteristics, p. 15
5.5—Reinforcement percentage, p. 16

CHAPTER 6—PREDICTION MODELS FOR SCC
FORM PRESSURE, p. 17
6.1—Introduction, p. 17
6.2—Model by Gardner et al. (2012), p. 17
6.3—Model by Khayat and Omran (2010b), p. 17
6.4—Model by Tejeda-Dominguez et al. (2005), p. 18
6.5—Model by Ovarlez and Roussel (2007), p. 19

CHAPTER 7—MEASUREMENT TECHNIQUES, p. 19
7.1—Strain-gauge-based pressure sensor setup, p. 19
7.2—Pressure reading graph example, p. 21
7.3—Precautions and maintenance when measuring ¢ 'm

pressure, p. 21

CHAPTER 8—FIELD VALIDATION OF F2ELICTION
MODELS, p. 21

8.1—Stockholm, Sweden, 2012, p. 21

8.2—Toronto, Canada, 2014, p. 23

8.3—Validation of models, p. 206

8.4—Considerations for formwci=design, p. 27

CHAPTER 9—SURIMARY, . 27

CHAPTER 10—2EFERENCES, p. 27
Authoredirefesences, p. 27

APPEND\L.° A—EXAMPLE CALCULATIONS, p. 29

Al-—Cdlculation of form pressure using model by Gardner
etal (2012), p. 30

AZ—Calculation of form pressure using model by Khayat
ana"Omran (2010b), p. 30

A3—Calculation of form pressure using model by Tejeda-
Dominguez et al. (2005), p. 31

A4—-Calculation of form pressure using model by Ovarlez
and Roussel (2007), p. 31

(aci?

CHAPTER 1—INTRODUCTION

1.1—Introduction

Self-consolidating concrete (SCC) is highly flowable
non-segregating concrete that can spread into place, fill the
formwork, and encapsulate the reinforcement without any
mechanical consolidation. SCC is designed to have a rela-
tively low yield stress compared to conventional concrete
to ensure high flowability without segregation. Yield stress
corresponds to the critical shear stress value beyond whick
the material starts to flow. SCC can have slump flow values
typically in the range of 22 to 30 in. (560 to 760 mm). Duc
to the high fluidity of SCC, formwork systeris ai> often
designed to sustain full hydrostatic pressure. Accu :ate 2sti-
mation of form pressure for field application >f SCC is
necessary for the economical design oi ‘ornwerk and to
ensure safety during and after casting. Fielc and laboratory
investigations involving the measurer. ent of lateral pressure
exerted by SCC on formwork sys.ons indicate that form
pressure can be considerably lov.=r thin hydrostatic pres-
sure (Assaad and Khayat 20055 Assaad et al. 2003b; Bill-
berg et al. 2014; Gardn. - et <'. 2016). This is illustrated in
Fig. 1.1 for SCC used for 1. - rehabilitation of wall elements
that measure 20 #t (5 m) in height, 23 ft (7 m) in length, and
7.51n. (0.19 m)in . 1dwn (Assaad 2004; Khayat et al. 2005b).
The casting ate vvas approximately 21 ft/h (6.5 m/h). The
presste alttriveaon envelopes exerted by a representative
SCC mu. ‘ure determined at the end of the placement and
the' after 1 and 3 hours are shown in Fig. 1.1 (left). The
varia. 24s in the maximum lateral pressure with time for five
different SCC mixtures that were proportioned with different
thirotropic values are illustrated in Fig. 1.1 (right).

Form pressure is affected by structural buildup; struc-
tural buildup increases with rest time, hence reducing form
pressure (Assaad et al. 2003b; Assaad and Khayat 2005¢).
The rate of structural buildup is dependent on the concrete
mixture characteristics, including:

(a) Binder constituent (Assaad et al. 2003b)

(b) Type and dosage of chemical admixtures (Assaad et al.

2003b; Khayat and Assaad 2006)

(c) Water-cementitious materials ratio (w/cm) (Khayat and

Assaad 20006)

(d) Maximum aggregate size and the total aggregate

content (Assaad and Khayat 2005a)

For a given casting rate R, lower form pressure can be
observed for concrete with a higher rate of structural buildup
at rest (Assaad and Khayat 2007). The structural buildup of
the concrete corresponds to an increase in shear strength
when the material is left at rest due to flocculation—a phys-
ical effect that is reversible—as well as hydration of the
cement-based materials, which is irreversible. At very early
age, the flocculation component is dominant, and the struc-
tural buildup is reversible and can be broken down if the
mixture is agitated. However, as hydration progresses with
time, the structural buildup gradually becomes less revers-
ible (Roussel et al. 2012). The placement of SCC mixtures
with a high rate of structural buildup, at relatively low to
moderate casting rates—for example, approximately 7 to
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