
Fairfield University Fairfield University 

DigitalCommons@Fairfield DigitalCommons@Fairfield 

Engineering Faculty Publications School of Engineering 

2013 

Surface Morphology of Reactive Powder Concrete Containing Soil Surface Morphology of Reactive Powder Concrete Containing Soil 

Sreedevi Ande 

Bruce W. Berdanier 
Fairfield University, bberdanier@fairfield.edu 

Venkataswamy Ramakrishnan 

Follow this and additional works at: https://digitalcommons.fairfield.edu/engineering-facultypubs 

Copyright 2013 Journal of Environmental Science and Engineering 

Peer Reviewed Peer Reviewed 

Repository Citation Repository Citation 
Ande, Sreedevi; Berdanier, Bruce W.; and Ramakrishnan, Venkataswamy, "Surface Morphology of Reactive 
Powder Concrete Containing Soil" (2013). Engineering Faculty Publications. 89. 
https://digitalcommons.fairfield.edu/engineering-facultypubs/89 

Published Citation 
Ande, S., Berdanier, B. W., & Ramakrishnan, V. (2013), Surface Morphology of Reactive Powder Concrete Containing 
Soil, Journal of Environmental Science and Engineering, 2(4), 250-255. 

This item has been accepted for inclusion in DigitalCommons@Fairfield by an authorized administrator of 
DigitalCommons@Fairfield. It is brought to you by DigitalCommons@Fairfield with permission from the rights-
holder(s) and is protected by copyright and/or related rights. You are free to use this item in any way that is You are free to use this item in any way that is 
permitted by the copyright and related rights legislation that applies to your use. For other uses, you need to obtain permitted by the copyright and related rights legislation that applies to your use. For other uses, you need to obtain 
permission from the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license permission from the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license 
in the record and/or on the work itself.in the record and/or on the work itself. For more information, please contact digitalcommons@fairfield.edu. 

http://www.fairfield.edu/
http://www.fairfield.edu/
https://digitalcommons.fairfield.edu/
https://digitalcommons.fairfield.edu/engineering-facultypubs
https://digitalcommons.fairfield.edu/schoolofengineering
https://digitalcommons.fairfield.edu/engineering-facultypubs?utm_source=digitalcommons.fairfield.edu%2Fengineering-facultypubs%2F89&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.fairfield.edu/engineering-facultypubs/89?utm_source=digitalcommons.fairfield.edu%2Fengineering-facultypubs%2F89&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@fairfield.edu


� � � � � � � � � � � 	 
 � � � � � �  � � � � 
 � � � � � � � � � � 
 � � � � 
 � � � � � � � � � � � � � � � � �� � � � � � � � � � �  � � � � � � � � � � � � � 	 
 � � � � � �  � � � � 
 � � � � � � � � � � 
 � � � � 
 � � � � � �  � ! � " � # ! � �
� � � � � � 	 
 � � � � $ � % � � � � & 
 � � 
 � � % � � � � � 
 � � ' � � � ( � � ) �  � * + � � � , � � � ) � 
 * - � � � ./ 0 1 2 3 4 5 6 2 3 7 8 9 : ; < 7 ; 5 5 = 7 ; < 2 ; > ? @ 6 A B 3 5 = C 8 7 5 ; 8 5 D 5 A 2 = 3 6 5 ; 3 E F 2 G B 2 = > 7 2 ? @ 6 6 B ; 7 3 H ? @ I I 5 < 5 E ? 7 3 H J ; 7 K 5 = 9 7 3 H @ L M 5 N O @ = P E F @ ; <Q 9 I 2 ; > ? 7 3 H E M 5 N O @ = P / / / R / E J C ST 0 C 8 4 @ @ I @ L : ; < 7 ; 5 5 = 7 ; < E U 2 7 = L 7 5 I > J ; 7 K 5 = 9 7 3 H E U 2 7 = L 7 5 I > R V W T X E ? @ ; ; 5 8 3 7 8 B 3 E J C SY 0 ? 7 K 7 I 2 ; > : ; K 7 = @ ; 6 5 ; 3 2 I : ; < 7 ; 5 5 = 7 ; < E C @ B 3 4 D 2 P @ 3 2 C 8 4 @ @ I @ L 1 7 ; 5 9 2 ; > Z 5 8 4 ; @ I @ < H E [ 2 A 7 > ? 7 3 H \ ] ] R / E C @ B 3 4 D 2 P @ 3 2 E J C S, � � � 
 	 � � ^ _ � � � � ` � � � � � � � � � a � � � � �  � � ^ � � � � � � � � � � � � � � a b � ` � 
 * - � � ^ � � � 
 � � � � � � � � c
Abstract: 

, � � � �  *  � � 
 � * - � 	 � � � 	 � � � � �  - �  � � � � � �  � � � � ` � � * � � � * � � � � 
 �  � � � �  � 
 � � * � � � * � � 
 � � � � � � 	 � � � � � � � � 
 � ) 
 � � + �  � � cd � � � � �  � � + - 
 � - 
 * � � � � � � * 
  � � �  � � 
 � � � - � * ` � � � � � � � �  
 	 � 
 � * � � 
 � 
 � � 
 � � - � e � � � � � * + � *  � * � � � � � �  � � 
 � �  � � * � 
 � * c � � � * � � � � -� � � f � �  + � * � � � � � �  � �  � *  � � �  - � � � � � �  * � � � � � � �  � � 
 � �  � � * � 
 � � � � � � * � � 
 � � � �  � � 
 � �  � � * � 
 � � �  - � � 
 � � � *  � � �  � � � � � � � � � � �  �  �g � � � 
  �  
 	 � � � � � � 
 � �  - � � � � - � � 
 * � * � �  - � � � � � � * � � �  
 � � � � * � 
 � * � � �  � 
 � 
 � � 
 � � � � � � 
 � � �  � � 
 � � * � � - � * � � * � � 
 � ` � � � � � 
 � �  
 � � � �* � � 
 � 
 � 
 � �  
 � � a *  � ` 
 � 
 e �  
 � �  � � - � 
 g � � c h - 
 * � � * � � � � - � � � � � � � � � * � � � � *  � � � 
 � �  - � * � � � � � � � � � � - � � � � � � � , b d � � � � �  
 	 � � � + � � �� � � � � �  � � � � �  � 
 � 
 � � * � 
 � c
Keywords:

, � � �  
 	 � � � + � � � � � � � � �  � � * � 
 � � � � � � - � � � � � c
1. Introduction  i j k l m n o p o q o r s t o m u v l t s w o n o x s t o m u t k r j u o y z k l { k p z r kt j k | m w o n o t } m q j s x s { p m z l l z w l t s u r k l s u pr m u t s | o u s u t l o u t j k k u ~ o { m u | k u t w } � j } l o r s n | k s u l �i j o l l m n o p o q o r s t o m u v l t s w o n o x s t o m u t k r j u m n m � } o lr m u l o p k { k p t m w k m u k m q t j k � m t k u t o s n n } s � � n o r s w n k{ k | k p o s t o m u t k r j u m n m � o k l � � � � � � � n z p � k l � � j o r j n k s r jj k s ~ } | k t s n l m { m t j k { r m u t s | o u s u t l � s { k m q t k ul t s w o n o x k p t m o | | m w o n o x k t j k j s x s { p m z l r m u l t o t z k u t l � � � �� k | k u t o t o m z l l t s w o n o x s t o m u v l m n o p o q o r s t o m u { k p z r k ln k s r j o u � m q t j k | k t s n l o u t m t j k k u ~ o { m u | k u t � � � � � �� o t j r j k | o r s n l t s w o n o x s t o m u � i � � � � t m � o r o t }r j s { s r t k { o l t o r n k s r j o u � � { m r k p z { k � k � t { s r tr m u r k u t { s t o m u l j s ~ k w k k u { k p z r k p w } l k ~ k { s n m { p k { l m q| s � u o t z p k � i j k n k s r j o u � t k l t l � k { q m { | k p t m k ~ s n z s t kt j k { k z l k m q l m n o p � s l t k o u r k | k u t w m z u p r m u l t { z r t o m u| s t k { o s n l s { k w s l k p m u t j k � { o u r o � n k m q p o q q z l o m u �� j o r j o l t j k | s o u n k s r j o u � | k r j s u o l | � � k r m u p s { }

Corresponding author: 
� � � � � � 	 
 � � � � � b - c _ c � � * * � � 
 �  �� � � � � * * � � � � � 
 � � � * � � � � - � 
 � � � ^ � � 	 
 � � � � � �  � � � � � 
 � � � � 
 � � c� � � � 
 � ^ * � � � � � � � � � � c � � � � c � � � c

{ k s r t o m u l t s � o u � � n s r k s q t k { j s { p k u o u � m q t j k r k | k u tr s u o u q n z k u r k t j k � k { | k s w o n o t } m q t j k r k | k u t | s t { o �s u p t j z l k u j s u r k m { n o | o t n k s r j o u � m q r m | � m u k u t l �� j } l o r s n � r j k | o r s n s u p | o r { m | m { � j m n m � o r s n t k l t lj s ~ k w k k u r m u p z r t k p t m z u p k { l t s u p t j kp o l l m n z t o m u v � { k r o � o t s t o m u { k s r t o m u l s u p t j k o {o u q n z k u r k m u t { s u l � m { t � { m r k l l k l p z { o u � n k s r j o u �� � � � � �� { k l k s { r j r m u p z r t k p w } � o n n k { k t s n � � � � q m { t j kt { k s t | k u t m q s { l k u o r r m u t s | o u s t k p l s u p } l m o n l s t sw k u r j l r s n k � s l r m u p z r t k p t j { m z � j t j k q o k n p{ k | k p o s t o m u l t s � k � i j k s { l k u o r r m u r k u t { s t o m u o u i � � �n k s r j s t k l { s u � k p w k t � k k u � � � | � v � s u p � � � | � v � � s u po u p o r s t k p n m � � m t k u t o s n q m { � { m z u p � � s t k {r m u t s | o u s t o m u � j k u t j k l m o n l � k { k t { k s t k p � o t j s| o � t z { k m q i } � k � � m { t n s u p r k | k u t s u p q k { { m z ll z n � j s t k � i j k � � � � l r s u u o u � k n k r t { m u | o r { m l r m � k �| o r { m � { s � j l l j m � k p t j s t t j k l m n o p o q o k p l s | � n k j s p| o u o | z | ~ m o p l � s r k � s u p s r m | w o u s t o m u m q � � �� � � { s } p o q q { s r t o m u � � t j k { | s n s u s n } l o l � s u p l m n o p � l t s t k  � � � u z r n k s { | s � u k t o r { k l m u s u r k � l � k r t { m l r m � }

¡ ¢ £ ¤ ¡ ¥ ¦ § ¨ ¤ © ª ¤ « ¬



 ® ¯ ° ± ® ² ® ³ ´ ® µ ¶ · ¸ ¹ º » ¼ · ½ ® ¾ ¿ · ¯ À ® Á ¹ ¯ · º · À ® Á º ¸ » Á » Á ³ Â ® » ² � � �o u p o r s t k p t j k q m { | s t o m u m q s u m { | s n n } j } p { s t k p r k | k u t| s t { o � � o t j l m | k k � r k l l k t t { o u � o t k � � Ã t � � � j o r j o l� s Ä � n Å � � Æ Ç � È � Æ É � Ê Å � � Ë É Å Æ � j } p { s t k p r s n r o z |s n z | o u z | l z n q s t k j } p { m � o p k � � � Ì � � � k l k s { r j � m { �p m u k w } � s � s p o k t s n � � � � � p k t k { | o u k p r m | � { k l l o ~ kl t { k u � t j s u p i � � � r m u r k u t { s t o m u l m q r m u r { k t k| m { t s { r m u t s o u o u � s { l k u o r r m u r k u t { s t o m u l m q � � � � � � �� � � s u p � � � � � � | � v � � � É m � k ~ k { � � � � s u p � � �� k { k u m t z l k p t m ~ o k � t j k | o r { m l t { z r t z { k s u p t j k{ k s r t o m u l t j s t � k { k { k l � m u l o w n k q m { t j k o u r { k s l k o ut j k l k t t o u � t o | k � � � � �� � � � { k s r t o ~ k � m � p k { r m u r { k t k � j s l � { m ~ k u t m w kk q q k r t o ~ k s u p { k n o s w n k t k r j u m n m � } q m { u z r n k s { � s l t kw n m r � o u � � � � � � � k l z n t l q { m | n k s r j o u � t k l t l � k { q m { | k pm u � � � r m u t s o u k { l t m k ~ s n z s t k t j k o { p z { s w o n o t } � j k uz l k p s l l t m { s � k q m { u z r n k s { � s l t k l l j m � k p t j s t t j k }s { k | m { k p z { s w n k � k r m u m | o r s n s u p r s u w k k s l o n }| s o u t s o u k p � � � � �i j o l { k l k s { r j � s � k { p o l r z l l k l t j k k q q k r t m q l m o n m u� � � � s u z n t { s j o � j � l t { k u � t j s u p n m � � m { m l o t }r m | � m l o t k | s t k { o s n � o t j s p ~ s u r k p | k r j s u o r s n s u pl z � k { o m { � j } l o r s n � { m � k { t o k l � i j k k q q k r t l m q l m o n m u t j k| o r { m l t { z r t z { k m q � � � � k { k k ~ s n z s t k p t m y z s n o t s t o ~ k n }p k q o u k t j k | k r j s u o l | l m q k u r s � l z n s t o m u m q l m o n �
2. Experimental Design  i } � k � v � � u m { | s n � m { t n s u p r k | k u t � j o r j l s t o l q o k pt j k { k y z o { k | k u t l m q � � i � � � | k { o r s u � m r o k t } q m {i k l t o u � m q � s t k { o s n l � � � � � � s l l z � � n o k p w } � s r m t s jr k | k u t m q � m z t j � s � m t s q m { t j k l t z p } �� o | k l t m u k p z l t s u p u s t z { s n l s u p � o t j s � s t k {s w l m { � t o m u r m k q q o r o k u t m q � � Ë Í � k { k z l k p q m { r s l t o u �{ k s r t o ~ k � m � p k { r m u r { k t k � Ã o u k s � � { k � s t k l � k { km w t s o u k p q { m | É o n n � o t } � s t k { o s n l � � s � o p � o t } � � m z t j� s � m t s � � s � o p � o t } � z u o r o � s n � s t k { � s l z l k p q m { t j k| o � o u � � i j k s p | o � t z { k l l z r j s l � j k m | s r � Ã � � � p { } �p k u l o q o k p l o n o r s q z | k s u p Î n k u o z | � � � �   � � s É � � �

� j o � j { s u � k � s t k { { k p z r k { � � s l l z � � n o k p w } � s l t k {Ï z o n p k { l � u r � � � n k ~ k n s u p Æ j o m � i j k z u r m u t s | o u s t k pl m o n z l k p � s l r m | | k { r o s n n } � { k � s { k p t m � l m o n � i j kk � � k { o | k u t s n ~ s n z k m q � s t k { s w l m { � t o m u r m k q q o r o k u t m ql m o n � s l � � Í � � � � � i j k l m o n l s | � n k l � k { k l k u t t m � m o ni k l t o u � � s w m { s t m { } � � m z t j � s � m t s � t s t k Ð u o ~ k { l o t } q m {p k t k { | o u s t o m u m q m { � s u o r | s t t k { s u p r s { w m u r m u t k u t �i j k s ~ k { s � k � k { r k u t m { � s u o r | s t t k { s u p s ~ k { s � k� k { r k u t m { � s u o r r s { w m u m q l m o n � s l � Ì � Ì Í s u p � � � � � Í �{ k l � k r t o ~ k n } � � m p o z | s { l k u s t k �   s Å É � l Æ Ç Ñ � É Å Æ � � o t j| m n k r z n s { � k o � j t � � � � � Ì � v | m n � s l z l k p q m {k u r s � l z n s t o m u o u l m o n � � � � l � k r o | k u l m q l o x k � o u Ò �o u Ò � o u � � � | | Ò � � | | Ò � � | | � � k { k r s l ts r r m { p o u � t m � � i � � � � � � { m r k p z { k � � � � �
3. Results  Ó Ô Õ Ö × Ø Ù Ú Û Ü Ý Þ Û ß à Ù á â â ß à Þ ã ß Ý Ø ä å� u � � � r m u t { m n | o � � � � � � � � � s l r s l t z l o u �r k | k u t � q o u k l s u p � l o n o r s q z | k � n o | k l t m u k q o u k l �É � � � � j o � j { s u � k � s t k { { k p z r k { � s u p � s t k { � i s w n k �l j m � l t j k � { m � m { t o m u m q | s t k { o s n l � | s l l { s t o m � o t j{ k l � k r t t m r k | k u t � z l k p q m { r s l t o u � { k s r t o ~ k � m � p k {r m u r { k t k �i j k | o r { m l t { z r t z { k m q � � � � � � s l ~ o k � k p z u p k {� � � � Ã o � l � � � � l j m � t j k | o r { m l t { z r t z { k m q � � � � �s q t k { � � p s } r z { o u � � Ã o � � � o l s l k r t o m u m q � � � � � � o t ju m s o { ~ m o p l s u p Ã o � � � o l s u m t j k { l k r t o m u m q t j k l s | � n k� o t j s o { ~ m o p l � i j k � { k l k u r k m q s o { ~ m o p l r m z n po u r { k s l k t j k � k { | k s w o n o t } s u p s p l m { � t o m u r s � s r o t } m qr m u r { k t k � j o n k p k r { k s l o u � t j k l t { k u � t j � Ã o � � � l j m � lt j k q m { | s t o m u m q k t t { o u � o t k s u p s n � s n o l o n o r s � k n � o t j o u s~ m o p � � { s r � l m w l k { ~ k p � k { k p z k t m t j k k t t { o u � o t kq m { | s t o m u o u t j k ~ m o p l � � j o r j r m z n p w k p z k t m l o n o r s{ k s r t o m u l � o t j j } p { m � o p k l � m { � { k l k u r k m q l o n o r s q z | kr n z | � l o u r m u r { k t k � i j k � { k l k u r k m q l o n o r s � k n �� j o r j o u p z r k p k t t { o u � o t k q m { | s t o m u � r m z n p n k s p t m t j k

Table 1  Mix proportions used for casting sample, RPC-1. æ 
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Fig. 1  RPC-1 at 200 m magnification.

Fig. 2  Formation of ettringite and alkali silica gel in void 

at 500 m magnification. 

Fig. 3  Formation air voids in RPC-1 at 2 mm 
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Fig. 4  Cells of organic matter rich in calcium observed in 

concrete containing uncontaminated soil at 150 m 

magnification. 
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Fig. 5  Silica gel with cracks observed commonly in 

RPC-S1 and RPC-S2 at 2 m magnification.  

Fig. 6  Formation of ettringite in form of needles at 5 m 

magnification. 

Fig. 7  Formation of calcium hydroxide having blade like 

structure at 20 m magnification. i j k o u r { k s l k o u l m o n r m u t k u t { k l z n t k p o u o u s p k y z s t kw m u p o u � w k t � k k u | s t { o � s u p l m o n s u p s n l m s u o u r { k s l ko u t j k u z | w k { m q ~ m o p l � � u | o � � � � � � � r z { k p s t �

Fig. 8  Formation of calcium hydroxide having plate like 

structure at 5 m magnification. 

Fig. 9  Inadequate bonding between the matrix and 
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Fig. 10  Internal crack between the matrix and organic 

matter observed in RPC-S2 at 1 m magnification.  

Fig. 11  Presence of carbon with combination of oxygen 

and calcium at 28-day curing at 50 m magnification. 

Fig. 12  The spectrum showing the carbon, oxygen and 

calcium peaks. 

Fig. 13  Formation of dolomite (CaMg(CO3)2) at 28-day 

curing at 20 m magnification. 

Fig. 14  The spectrum showing calcium, magnesium and 

oxygen peaks. 

Fig. 15  The bonding between the organic matter and 

matrix at 28 days at 100 m magnification. 
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Table 2  X-ray diffraction analysis report on sample 
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