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This guide provides practical information about the construction 

of residential concrete that meets or exceeds code requirements. 

It covers concrete work for one- and two-family dwellings with 

a maximum height of three stories above grade and a basement 

that is either cast-in-place or placed as precast members. Informa-

tion on materials, proportions, production, delivery, and testing is 

provided. Separate chapters on footings, walls, and slabs provide 

information on subgrade, forms, reinforcement, placement, consol-

above-grade concrete systems (Chapter 6) and project consider-

ations (Chapter 8) are included. Common problems and their repair 

provisions and all drawings provided by this guide are intended 

precedence over the information contained in this document.

Keywords: ¿QLVK� IRRWLQJ� IRXQGDWLRQ� IRUP� UHVLGHQWLDO� VODE� VODE�RQ�
JURXQG� VXEJUDGH� WROHUDQFH� ZDOO�
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$&, &RPPLWWHH 5HSRUWV� *XLGHV� DQG &RPPHQWDULHV DUH 
LQWHQGHG IRU JXLGDQFH LQ SODQQLQJ� GHVLJQLQJ� H[HFXWLQJ� DQG 
LQVSHFWLQJ FRQVWUXFWLRQ� 7KLV GRFXPHQW LV LQWHQGHG IRU WKH XVH 
RI LQGLYLGXDOV ZKR DUH FRPSHWHQW WR HYDOXDWH WKH VLJQL¿FDQFH 
DQG OLPLWDWLRQV RI LWV FRQWHQW DQG UHFRPPHQGDWLRQV DQG ZKR 
ZLOO DFFHSW UHVSRQVLELOLW\ IRU WKH DSSOLFDWLRQ RI WKH PDWHULDO LW 
FRQWDLQV� 7KH $PHULFDQ &RQFUHWH ,QVWLWXWH GLVFODLPV DQ\ DQG 
DOO UHVSRQVLELOLW\ IRU WKH VWDWHG SULQFLSOHV� 7KH ,QVWLWXWH VKDOO 
QRW EH OLDEOH IRU DQ\ ORVV RU GDPDJH DULVLQJ WKHUHIURP�

5HIHUHQFH WR WKLV GRFXPHQW VKDOO QRW EH PDGH LQ FRQWUDFW 
GRFXPHQWV� ,I LWHPV IRXQG LQ WKLV GRFXPHQW DUH GHVLUHG E\ 
WKH $UFKLWHFW�(QJLQHHU WR EH D SDUW RI WKH FRQWUDFW GRFXPHQWV� 
WKH\ VKDOO EH UHVWDWHG LQ PDQGDWRU\ ODQJXDJH IRU LQFRUSRUDWLRQ 
E\ WKH $UFKLWHFW�(QJLQHHU�

$&, 33���5��� VXSHUVHGHV $&, 33���5��� DQG ZDV DGRSWHG DQG SXEOLVKHG 0D\ �����
&RS\ULJKW � ����� $PHULFDQ &RQFUHWH ,QVWLWXWH�
$OO ULJKWV UHVHUYHG LQFOXGLQJ ULJKWV RI UHSURGXFWLRQ DQG XVH LQ DQ\ IRUP RU E\ 

DQ\ PHDQV� LQFOXGLQJ WKH PDNLQJ RI FRSLHV E\ DQ\ SKRWR SURFHVV� RU E\ HOHFWURQLF 
RU PHFKDQLFDO GHYLFH� SULQWHG� ZULWWHQ� RU RUDO� RU UHFRUGLQJ IRU VRXQG RU YLVXDO 
UHSURGXFWLRQ RU IRU XVH LQ DQ\ NQRZOHGJH RU UHWULHYDO V\VWHP RU GHYLFH� XQOHVV 
SHUPLVVLRQ LQ ZULWLQJ LV REWDLQHG IURP WKH FRS\ULJKW SURSULHWRUV�
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CHAPTER 1—INTRODUCTION

&RQFUHWH LV WKH PRVW ZLGHO\ XVHG FRQVWUXFWLRQ PDWHULDO 
WKURXJKRXW WKH ZRUOG� &RQFUHWH LV XVHG LQ FRPPHUFLDO VWUXF�
WXUHV� WUDQVSRUWDWLRQ� ZDWHU DQG ZDVWH PDQDJHPHQW� SXEOLF 
ZRUNV� IDUP FRQVWUXFWLRQ� DQG XWLOLW\ DQG UHVLGHQWLDO VWUXF�
WXUHV� %DVHG RQ WKH DPRXQW RI FRQFUHWH SURGXFHG IRU HDFK 
RI WKHVH FDWHJRULHV� UHVLGHQWLDO FRQVWUXFWLRQ DFFRXQWV IRU WKH 
VHFRQG ODUJHVW DSSOLFDWLRQ RI FRQFUHWH �3&$ 0,���')�

1.1—Scope

7KLV JXLGH SURYLGHV SUDFWLFDO LQIRUPDWLRQ DERXW WKH 
FRQVWUXFWLRQ RI UHVLGHQWLDO FRQFUHWH WKDW PHHWV RU H[FHHGV 
FRGH UHTXLUHPHQWV� FRYHULQJ DOO FRQFUHWH ZRUN ZLWKLQ WKH 
VFRSH GH¿QHG LQ WKH ³,QWHUQDWLRQDO 5HVLGHQWLDO &RGH IRU 2QH� 
DQG 7ZR�)DPLO\ 'ZHOOLQJV´ �,QWHUQDWLRQDO &RGH &RXQFLO 
����) DQG WKDW RI $&, 33�� 3URYLVLRQV RI WKHVH FRGHV DSSO\ WR 
GHWDFKHG RQH� DQG WZR�IDPLO\ GZHOOLQJV DQG PXOWLSOH VLQJOH�
IDPLO\ GZHOOLQJV �WRZQKRPHV) QRW PRUH WKDQ WKUHH VWRULHV LQ 

KHLJKW� 7KHVH VWUXFWXUHV DUH QR PRUH WKDQ WKUHH VWRULHV DERYH 
JUDGH DQG PD\ LQFOXGH D EDVHPHQW WKDW LV HLWKHU FDVW�LQ�SODFH 
RU SODFHG DV SUHFDVW PHPEHUV� ,QIRUPDWLRQ RQ PDWHULDOV� 
SURSRUWLRQV� SURGXFWLRQ� GHOLYHU\� DQG WHVWLQJ LV SURYLGHG� 
6HSDUDWH FKDSWHUV RQ IRRWLQJV� ZDOOV� DQG VODEV SURYLGH 
LQIRUPDWLRQ RQ VXEJUDGH� IRUPV� UHLQIRUFHPHQW� SODFHPHQW� 
FRQVROLGDWLRQ� ¿QLVKLQJ� DQG FXULQJ� 6SHFLDO FRQVLGHUDWLRQV 
UHJDUGLQJ DERYH�JUDGH FRQFUHWH V\VWHPV LQ &KDSWHU � DQG 
SURMHFW FRQVLGHUDWLRQV LQ &KDSWHU � DUH LQFOXGHG� &RPPRQ 
SUREOHPV DQG WKHLU UHSDLU DUH DOVR DGGUHVVHG� 7KH GLVFXVVLRQ 
RI VSHFL¿F GHVLJQ SURYLVLRQV DQG DOO GUDZLQJV SURYLGHG E\ 
WKLV JXLGH DUH LQWHQGHG WR R൵HU LOOXVWUDWLRQV RI W\SLFDO SUDF�
WLFH DQG VKRXOG QRW EH LQWHUSUHWHG DV PHHWLQJ WKH UHTXLUH�
PHQWV RI VSHFL¿F FRGHV RU SURMHFW VSHFL¿FDWLRQV� $SSOLFDEOH 
FRGHV DQG FRQVWUXFWLRQ GRFXPHQWV WDNH SUHFHGHQFH RYHU WKH 
LQIRUPDWLRQ FRQWDLQHG LQ WKLV GRFXPHQW�

,QIRUPDWLRQ H[FOXGHG IURP WKLV JXLGH LQFOXGHV GHHS IRXQ�
GDWLRQ V\VWHPV �VXFK DV SLOHV� GULOOHG SLHUV� RU FDLVVRQV)� 
IUHH�VWDQGLQJ UHWDLQLQJ ZDOOV �JUHDWHU WKDQ � IW >��� P@)� DQG 
SRVW�WHQVLRQHG VODEV�RQ�JURXQG� /LPLWHG LQIRUPDWLRQ RQ WKH 
XVH RI OLJKWZHLJKW FRQFUHWH LV SUHVHQWHG� 7KLV JXLGH GRHV QRW 
FRYHU ORDGLQJ DQG GHVLJQ IRU VHLVPLF IRUFHV� ZLWK WKH H[FHS�
WLRQ RI JXLGDQFH RQ W\SHV RI FRQQHFWLRQV EHWZHHQ WKH VLOO 
SODWH DQG IRXQGDWLRQ ZDOO FRPPRQO\ XVHG LQ KLJKHU VHLVPLF 
GHVLJQ FDWHJRULHV� $GGLWLRQDO LQIRUPDWLRQ RQ VHLVPLF ORDGLQJ 
DQG GHVLJQ FDQ EH IRXQG LQ WKH ³,QWHUQDWLRQDO 5HVLGHQWLDO 
&RGH IRU 2QH� DQG 7ZR�)DPLO\ 'ZHOOLQJV´ �,QWHUQDWLRQDO 
&RGH &RXQFLO ����)�

CHAPTER 2—DEFINITIONS

3OHDVH UHIHU WR WKH ODWHVW YHUVLRQ RI $&, &RQFUHWH 7HUPL�
QRORJ\ IRU D FRPSUHKHQVLYH OLVW RI GH¿QLWLRQV� 'H¿QLWLRQV 
SURYLGHG KHUHLQ FRPSOHPHQW WKDW UHVRXUFH�

anchor strap²PHWDO FRQQHFWRU ZLWK FRUURVLRQ UHVLVWDQFH 
GHVLJQHG WR WUDQVIHU XSOLIW� ODWHUDO IRUFHV� RU ERWK� IURP ZRRG 
IUDPLQJ PHPEHUV WR FRQFUHWH IRXQGDWLRQV�

bar diameter²SURSHU GHVLJQDWLRQ RI WKH VL]HV IRU UHLQ�
IRUFHPHQW EDUV XVHG LQ FRQFUHWH FRQVWUXFWLRQ� H[SUHVVHG DV db�

¿ber reinIorcement²VOHQGHU DQG HORQJDWHG ¿ODPHQWV 
LQ WKH IRUP RI EXQGOHV� QHWZRUNV� RU VWUDQGV RI DQ\ QDWXUDO 
RU PDQXIDFWXUHG PDWHULDO WKDW FDQ EH GLVWULEXWHG WKURXJKRXW 
IUHVKO\ PL[HG FRQFUHWH�

¿ll²PDWHULDO SODFHG WR EULQJ JUDGH RU VXEJUDGH WR WKH 
GHVLUHG HOHYDWLRQ�

Àowable ¿ll²VHOI�FRQVROLGDWLQJ FHPHQWLWLRXV PDWHULDO 
XVHG SULPDULO\ DV D EDFN¿OO LQ SODFH RI FRPSDFWHG ¿OO�

Ioundation walls²VWUXFWXUDO PHPEHUV RI D IRXQGDWLRQ 
WKDW WUDQVPLW ORDGV WR WKH IRRWLQJ RU GLUHFWO\ WR WKH VXEJUDGH�

hydrostatic pressure²SUHVVXUH RQ D IRXQGDWLRQ ZDOO GXH 
WR ZDWHU�

insulated concrete Iorm²VWD\�LQ�SODFH ZDOO IRUP PDGH 
RI IRDP SODVWLF RU RWKHU LQVXODWLRQ PDWHULDOV WKDW LV ¿OOHG ZLWK 
UHLQIRUFHG FRQFUHWH� IRUP UHPDLQV LQ SODFH WR FUHDWH IXOO\ 
LQVXODWHG� UHLQIRUFHG FRQFUHWH ZDOOV XVHG IRU IRXQGDWLRQV� 
EDVHPHQWV� DQG DERYH�JUDGH ORDG�EHDULQJ ZDOOV�

moderately reinIorced walls²VWUXFWXUDO FRQFUHWH ZDOOV 
UHLQIRUFHG ZLWK DQ DPRXQW RI VWHHO UHLQIRUFHPHQW LQFOXGLQJ 
UHLQIRUFLQJ EDU DQG ZHOGHG ZLUH UHLQIRUFHPHQW OHVV WKDQ WKDW 
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UHTXLUHG E\ $&, 33� RU $&, 3�� DQG VKRZQ WR VDWLVI\ WKH 
GHVLJQ UHTXLUHPHQWV IRU DSSOLHG ORDG ZLWKRXW WKH QHHG IRU 
DGGLWLRQDO VWHHO UHLQIRUFHPHQW LQFOXGLQJ UHLQIRUFLQJ EDU DQG 
ZHOGHG ZLUH UHLQIRUFHPHQW�

pad Iooting²LVRODWHG IRRWLQJ RU FROXPQ VXSSRUW WKDW 
WUDQVIHUV YHUWLFDO ORDG IURP WKH VWUXFWXUH DERYH WR WKH VRLO�

plain reinIorced walls²VWUXFWXUDO FRQFUHWH ZDOOV ZLWK 
QR UHLQIRUFHPHQW UHTXLUHG IRU GHVLJQ IRUFHV RU ZLWK VWHHO 
UHLQIRUFHPHQW LQFOXGLQJ UHLQIRUFLQJ EDU DQG ZHOGHG ZLUH 
UHLQIRUFHPHQW IRU WHPSHUDWXUH� VKULQNDJH� DQG FUDFN FRQWURO 
RQO\�

reinIorced walls²VWUXFWXUDO FRQFUHWH ZDOOV UHLQIRUFHG 
ZLWK QR OHVV WKDQ WKH PLQLPXP DPRXQW RI VWHHO UHLQIRUFH�
PHQW LQFOXGLQJ UHLQIRUFLQJ EDU DQG ZHOGHG ZLUH UHLQIRUFH�
PHQW UHTXLUHG E\ $&, 33��

remoYable concrete Iorm²UHPRYDEOH ZDOO IRUP PDGH 
RI ZRRG� DOXPLQXP� VWHHO� RU D FRPELQDWLRQ RI WKHVH PDWH�
ULDOV WKDW LV VHW WR WKH GHVLUHG ZDOO GHVLJQ DQG ¿OOHG ZLWK 
FRQFUHWH� WKH IRUPV DUH WKHQ UHPRYHG WR UHYHDO FRQFUHWH 
ZDOOV XVHG IRU IRXQGDWLRQV� EDVHPHQWV� DQG DERYH�JUDGH 
ORDG�EHDULQJ ZDOOV�

steel ¿ber²SLHFHV RI VPRRWK RU GHIRUPHG FROG�GUDZQ 
ZLUH� VPRRWK RU GHIRUPHG FXW VKHHW� PHOW�H[WUDFWHG ¿EHUV� RU 
RWKHU VWHHO ¿EHUV WKDW DUH VX൶FLHQWO\ VPDOO WR EH GLVSHUVHG DW 
UDQGRP LQ D FRQFUHWH PL[WXUH�

structural slab²FRQFUHWH PHPEHU WKDW WUDQVIHUV ORDG WR 
VXSSRUWV WKURXJK DFWLRQV RI ÀH[XUH DQG VKHDU� XVXDOO\ QRW 
VXSSRUWHG E\ JUDGH�

synthetic ¿ber²PDQ�PDGH ¿EHU� FRPPRQO\ PDGH RI 
SRO\SURS\OHQH� Q\ORQ� RU SRO\HVWHU�

thickened slab²IRRWLQJ FRQVWUXFWHG DV DQ LQWHJUDO SDUW 
RI D ÀRRU VODE�

Yiscosity�modiIying admi[ture²DGPL[WXUH WKDW HQKDQFHV 
FRQFUHWH SHUIRUPDQFH E\ PRGLI\LQJ WKH YLVFRVLW\ DQG FRQWURO�
OLQJ WKH UKHRORJLFDO SURSHUWLHV RI WKH FRQFUHWH PL[WXUH� XVXDOO\ 
XVHG LQ FRQMXQFWLRQ ZLWK KLJK�UDQJH ZDWHU�UHGXFLQJ DGPL[�
WXUHV WR SURGXFH VHOI�FRQVROLGDWLQJ FRQFUHWH PL[WXUHV�

web²PHFKDQLFDO FRQQHFWLRQ LQ WHQVLRQ XVHG LQ LQVXODWHG 
FRQFUHWH IRUP V\VWHPV WR SUHYHQW IRUPV IURP VSUHDGLQJ GXH 
WR WKH ÀXLG SUHVVXUH RI IUHVK FRQFUHWH� UHODWHG WR IRUP WLHV 
XVHG LQ UHPRYDEOH IRUPLQJ V\VWHPV�

CHAPTER 3—CONCRETE

3.1—Fundamentals

7KH PDLQ FRQVWLWXHQWV IRU FRQFUHWH XVHG LQ UHVLGHQ�
WLDO FRQVWUXFWLRQ LQFOXGH FHPHQWLWLRXV PDWHULDOV �SRUWODQG 
FHPHQW DQG VXSSOHPHQWDU\ FHPHQWLWLRXV PDWHULDOV >6&0V@)� 
FRDUVH DJJUHJDWH �VWRQH RU JUDYHO)� ¿QH DJJUHJDWH �VDQG)� 
DQG ZDWHU� &RQFUHWH PL[WXUHV KDYH EHFRPH PXFK PRUH 
FRPSOH[ LQ WKH UDQJH RI DGGLWLRQDO FRPSRQHQWV� DV GHVLJQHUV 
DQG FRQWUDFWRUV KDYH EHHQ LQWURGXFHG WR WKH EHQH¿WV RI 
SHUIRUPDQFH�HQKDQFLQJ LQJUHGLHQWV� 7KHVH LQFOXGH D YDULHW\ 
RI FKHPLFDO DGPL[WXUHV� ¿EHUV� DQG PLQHUDO SLJPHQWV IRU 
VXFK DSSOLFDWLRQV DV GHFRUDWLYH FRQFUHWH� 7KH UHDG\ PL[HG 
FRQFUHWH SURGXFHU FDQ YDU\ WKH SURSRUWLRQV RI LQJUHGLHQWV 
WR FUHDWH D FRQFUHWH PL[WXUH ZLWK VSHFL¿F SURSHUWLHV WR PHHW 
VSHFL¿F EXLOGLQJ FRGH UHTXLUHPHQWV� UHVSRQG WR VSHFL¿F RU 

DQWLFLSDWHG HQYLURQPHQWDO FRQGLWLRQV� DQG PHHW WKH SXUFKDV�
HU¶V RU FRQWUDFWRU¶V UHTXLUHPHQWV� 7KH SHUIRUPDQFH RI WKH 
FRQFUHWH VKRXOG PHHW WKH UHTXLUHPHQWV RI $&, 33�� $670 
&���&��0� RU &����&���0� RWKHU DSSOLFDEOH EXLOGLQJ FRGH 
UHTXLUHPHQWV� DQG WKH SURMHFW VSHFL¿FDWLRQV�

3.2—Materials

3.2.1 Cementitious materials²&HPHQWLWLRXV PDWHULDOV 
LQFOXGH SRUWODQG FHPHQW� EOHQGHG FHPHQWV� DQG VXSSOHPHQ�
WDU\ FHPHQWLWLRXV PDWHULDOV �6&0V)� $ FHPHQWLWLRXV SDVWH LV 
IRUPHG E\ WKH FRPELQDWLRQ RI FHPHQWLWLRXV PDWHULDOV DQG 
ZDWHU� DQG VHUYHV VHYHUDO IXQFWLRQV� WR FRDW DQG ERQG WKH 
DJJUHJDWH SDUWLFOHV WRJHWKHU� WR ¿OO WKH YRLG VSDFHV EHWZHHQ 
WKH DJJUHJDWH� DQG WR SURYLGH VWUHQJWK DQG GXUDELOLW\ WR WKH 
KDUGHQHG FRQFUHWH� )RU DQ\ FRPELQDWLRQ RI PDWHULDOV� WKH 
VWUHQJWK RI WKH UHVXOWLQJ FRQFUHWH PL[WXUH GHSHQGV SULPDULO\ 
RQ WKH ZDWHU�FHPHQWLWLRXV PDWHULDOV UDWLR �w�cm)� ,QFUHDVLQJ 
WKH DPRXQW RI FHPHQWLWLRXV PDWHULDOV LQ UHODWLRQ WR WKH 
DPRXQW RI ZDWHU LQ WKH PL[WXUH ZLOO JHQHUDOO\ LQFUHDVH WKH 
FRPSUHVVLYH VWUHQJWK� 8VLQJ OHVV ZDWHU IRU D ¿[HG DPRXQW 
RI FHPHQWLWLRXV PDWHULDO UHVXOWV LQ D PRUH YLVFRXV SDVWH DQG 
VWURQJHU FRQFUHWH� 7KH DPRXQW RI VKULQNDJH LQ WKH KDUGHQHG 
FRQFUHWH LV GLUHFWO\ SURSRUWLRQDO WR WKH DPRXQW RI ZDWHU LQ 
WKH PL[WXUH� 0RVW FHPHQWLWLRXV PDWHULDOV IRU UHVLGHQWLDO 
FRQVWUXFWLRQ JHQHUDOO\ FRQVLVW RI D FRPELQDWLRQ RI SRUWODQG 
FHPHQW DQG 6&0V LQ WKH IRUP RI À\ DVK� VODJ� RU ERWK�

3.2.2 Portland cement²3RUWODQG FHPHQW LV WKH PRVW 
FRPPRQ W\SH RI FHPHQW XVHG LQ FRQFUHWH� $670 &����
&���0 GH¿QHV ¿YH W\SHV RI SRUWODQG FHPHQW� EXW RQO\ 
IRXU DUH W\SLFDOO\ XVHG LQ UHVLGHQWLDO FRQVWUXFWLRQ� 7\SH , LV 
D JHQHUDO�SXUSRVH FHPHQW DQG LV WKH PRVW FRPPRQO\ XVHG 
FHPHQW IRU UHVLGHQWLDO FRQFUHWH� 7\SH ,, LV D FHPHQW XVHG 
ZKHUH PRGHUDWH VXOIDWH H[SRVXUH LV DQWLFLSDWHG� 7\SH ,,, LV 
KLJK�HDUO\�VWUHQJWK FHPHQW WKDW LV VRPHWLPHV XVHG WR DFKLHYH 
IDVWHU VHWWLQJ DQG LQFUHDVHG HDUO\ VWUHQJWKV� DQG 7\SH 9 LV 
D FHPHQW WKDW LV XVHG ZKHUH VHYHUH H[SRVXUH WR VXOIDWHV LV 
DQWLFLSDWHG�

3.2.3 Blended cements and hydraulic cement²%OHQGHG 
FHPHQW� GH¿QHG E\ $670 &����&���0� FRQVLVWV RI 
SUHEOHQGHG FRPELQDWLRQV RI SRUWODQG FHPHQW DQG 6&0V� 
+\GUDXOLF FHPHQWV PD\ RU PD\ QRW FRQWDLQ SRUWODQG FHPHQW 
DQG DUH GH¿QHG E\ $670 &�����&����0� %RWK FHPHQW 
W\SHV DUH XVHG LQ UHVLGHQWLDO FRQVWUXFWLRQ�

3.2.4 Supplementary cementitious materials²1DWXUDO 
SR]]RODQV �$670 &��� &ODVV 1)� À\ DVKHV �$670 &��� 
&ODVV & RU ))� DQG VODJ FHPHQWV �$670 &����&���0
*UDGHV ��� ���� DQG ���)� DUH VRPH RI WKH PDWHULDOV NQRZQ 
DV 6&0V WKDW DUH XVHG LQ UHVLGHQWLDO FRQFUHWH� 7KH EHQH¿WV 
GHULYHG IURP WKH XVH RI 6&0V LQFOXGH IXQFWLRQDO RU HQJL�
QHHULQJ EHQH¿WV DQG HQYLURQPHQWDO EHQH¿WV� 6RPH RI WKH 
HQJLQHHULQJ EHQH¿WV DUH GHFUHDVHG SHUPHDELOLW\� LQFUHDVHG 
GXUDELOLW\� LPSURYHG ZRUNDELOLW\� DQG KLJKHU XOWLPDWH 
FRPSUHVVLYH VWUHQJWK� 7KH HQYLURQPHQWDO EHQH¿WV DUH 
UHGXFHG FRQVXPSWLRQ RI SRUWODQG FHPHQW� ZKLFK UHVXOWV LQ D 
ORZHU FDUERQ IRRWSULQW IRU WKH FRQFUHWH DQG D UHGXFWLRQ LQ WKH 
DPRXQW RI LQGXVWULDO E\�SURGXFWV WKDW DUH GLYHUWHG WR ODQG�
¿OOV� 150&$ &,3 3� SURYLGHV IXUWKHU UHIHUHQFH IRU 6&0V 
DQG 3&$ (%����
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3.2.5 Aggregates²$JJUHJDWHV DUH WKH PDMRU FRQVWLWXHQW 
LQ FRQFUHWH� W\SLFDOO\ FRPSULVLQJ �� SHUFHQW RU PRUH RI 
WKH YROXPH� 7KH\ DUH DQ HFRQRPLFDO PDWHULDO WKDW LPSDUWV 
YROXPH VWDELOLW\� VWUHQJWK� DQG GXUDELOLW\ WR FRQFUHWH� 
$JJUHJDWHV KDYH VLJQL¿FDQW LQÀXHQFH RQ WKH SURSHUWLHV DQG 
SHUIRUPDQFH RI ERWK SODVWLF �IUHVKO\ PL[HG) DQG KDUGHQHG 
FRQFUHWH� GHSHQGLQJ RQ PLQHUDRORJ\ DQG SK\VLFDO FKDUDF�
WHULVWLFV� $JJUHJDWHV XVHG LQ FRQFUHWH LQFOXGH FRDUVH DJJUH�
JDWH �JUDYHO RU FUXVKHG VWRQH) DQG ¿QH DJJUHJDWH �QDWXUDO 
VDQG RU FUXVKHG VWRQH)� 2WKHU PDWHULDOV XVHG IRU DJJUHJDWH 
LQ FRQFUHWH LQFOXGH OLJKWZHLJKW SURFHVVHG VKDOH RU VODWH� DLU�
FRROHG EODVW IXUQDFH VODJ� DQG RWKHU QDWXUDO DQG PDQXIDF�
WXUHG PDWHULDOV�

3.2.5.1 Coarse aggregate (gravel or crushed stone)²
$JJUHJDWH SDUWLFOHV WKDW DUH FXELFDO RU URXQGHG IDFLOLWDWH 
EHWWHU ZRUNDELOLW\ RI WKH FRQFUHWH� EXW KLJKHU FRPSUHV�
VLYH VWUHQJWK DQG ERQG FRPHV IURP DQJXODULW\ DQG URXJK�
QHVV� +RZHYHU� DJJUHJDWH VKDSH LV RIWHQ GHWHUPLQHG E\ WKH 
ORFDOO\ DYDLODEOH VRXUFHV� 7KH DJJUHJDWHV VKRXOG EH FOHDQ 
DQG JUDGHG� ZLWK SDUWLFOH VL]HV UDQJLQJ IURP ��� LQ� �� PP) 
WR 3�� RU � LQ� ��� RU �� PP) IRU PRVW UHVLGHQWLDO FRQFUHWH� 
7KH DSSOLFDEOH VWDQGDUG IRU FRDUVH DJJUHJDWHV LV $670 &33�
&330�

3.2.5.2 Fine aggregate (sand)²$670 &33�&330 VHWV 
OLPLWV IRU ¿QH DJJUHJDWHV RQ LPSXULWLHV �RUJDQLF PDWHULDOV� 
FOD\� DQG RWKHUV) DQG VRXQGQHVV� DV ZHOO DV HVWDEOLVKLQJ 
JUDGDWLRQ UHTXLUHPHQWV� )LQH DJJUHJDWH SDUWLFOHV UDQJH LQ 
VL]H EHWZHHQ ������ LQ� �3�� PP) DQG ��� LQ� �� PP)�

3.2.6 Water²7KH DSSOLFDEOH VWDQGDUG IRU ZDWHU XVHG LQ 
PL[LQJ FRQFUHWH LV $670 &�����&����0� 3RWDEOH ZDWHU 
IURP PXQLFLSDO RU ZHOO VRXUFHV LV FRPPRQO\ XVHG IRU 
EDWFKLQJ FRQFUHWH� 5HF\FOHG ZDWHU PHHWLQJ $670 &�����
&����0 FDQ DOVR EH XVHG� 7KH VXLWDELOLW\ RI DQ\ ZDWHU LV 
HVWDEOLVKHG E\ WHVWLQJ FRQFUHWH RU PRUWDU IRU VHWWLQJ WLPH 
DQG FRPSUHVVLYH VWUHQJWK UHODWLYH WR D FRQWURO� ZLWK RSWLRQDO 
FKHPLFDO OLPLWV IRU FKORULGHV� VXOIDWHV� DONDOLV� DQG WRWDO 
GLVVROYHG VROLGV�

3.2.7 Chemical admixtures²$ YDULHW\ RI FKHPLFDO DGPL[�
WXUHV DUH XVHG WR PRGLI\ WKH SODFLQJ DQG ¿QLVKLQJ FKDUDFWHU�
LVWLFV RI WKH FRQFUHWH� 7KH FRQWUDFWRU DQG FRQFUHWH SURGXFHU 
VKRXOG GLVFXVV WKH EHQH¿WV RI FKHPLFDO DGPL[WXUHV DQG ZKHQ 
WKHLU XVH LV SODQQHG E\ WKH FRQFUHWH SURGXFHU� 0RUH LQIRUPD�
WLRQ DERXW FKHPLFDO DGPL[WXUHV FDQ EH IRXQG LQ 150&$ 
&,3 �� DQG 3&$ (%����

3.2.7.1 Air-entraining agents²$LU�HQWUDLQLQJ DJHQWV PD\ 
EH XVHG WR SURYLGH DLU HQWUDLQPHQW LQ FRQFUHWH� ZKLFK LV DQ 
H൵HFWLYH PHWKRG IRU LPSDUWLQJ IUHH]LQJ�DQG�WKDZLQJ UHVLV�
WDQFH WR FRQFUHWH �UHIHU WR 3�3���3 IRU PRUH GLVFXVVLRQ RQ 
DLU HQWUDLQPHQW)� 7KH DSSOLFDEOH VWDQGDUG IRU DLU�HQWUDLQLQJ 
DJHQWV LV $670 &����&���0�

3.2.7.2 Water reducers²1RUPDO ZDWHU UHGXFHUV ORZHU 
WKH DPRXQW RI ZDWHU UHTXLUHG WR DFKLHYH D JLYHQ VOXPS� 7KH 
DSSOLFDEOH VWDQGDUG IRU QRUPDO ZDWHU UHGXFHUV LV $670 
&����&���0 7\SH $�

3.2.7.3 Retarding water reducers²5HWDUGLQJ ZDWHU 
UHGXFHUV H[WHQG WKH VHWWLQJ WLPH LQ DGGLWLRQ WR UHGXFLQJ 
ZDWHU UHTXLUHPHQWV� 7KHVH DGPL[WXUHV DUH QRUPDOO\ XVHG 

LQ KRW ZHDWKHU� 7KH DSSOLFDEOH VWDQGDUG IRU UHWDUGLQJ ZDWHU 
UHGXFHUV LV $670 &����&���0 7\SH '�

3.2.7.4 Mid-range water reducers²0LG�UDQJH ZDWHU�
UHGXFLQJ DGPL[WXUHV SURYLGH PRGHUDWH ZDWHU UHGXF�
WLRQ ZLWKRXW UHWDUGDWLRQ DVVRFLDWHG ZLWK KLJK GRVDJHV RI 
FRQYHQWLRQDO �QRUPDO) ZDWHU UHGXFHUV� 7KHVH DGPL[WXUHV 
SURYLGH PRUH ZDWHU UHGXFWLRQ WKDQ QRUPDO ZDWHU UHGXFHUV 
�� SHUFHQW)� EXW OHVV ZDWHU UHGXFWLRQ WKDQ KLJK�UDQJH ZDWHU�
UHGXFLQJ DGPL[WXUHV �+5:5$V) ��� SHUFHQW)� 7KLV W\SLFDOO\ 
UHVXOWV LQ FRQFUHWH ZLWK D VOXPS UDQJH RI � WR � LQ� ���� WR 
��� PP)� 0LG�UDQJHV ZLOO FRPPRQO\ PHHW $670 &����
&���0 7\SHV $ DQG )� 7KHVH DGPL[WXUHV DUH FRPPRQO\ 
XVHG LQ UHVLGHQWLDO FRQFUHWH�

3.2.7.5 High-range water-reducing admixtures²+5:5$V 
SURGXFH KLJKHU ZDWHU UHGXFWLRQV WKDQ QRUPDO ZDWHU UHGXFHUV� 
7KH DSSOLFDEOH VWDQGDUG IRU +5:5$V LV $670 &����
&���0 7\SH ) �IRU QRUPDO VHWWLQJ) RU 7\SH * �IRU 
UHWDUGHG VHW)�

3.2.7.6 Plasticizers²3ODVWLFL]HUV DUH FKHPLFDO DGPL[WXUHV 
WKDW� ZKHQ DGGHG WR FRQFUHWH� SURGXFH ÀRZLQJ FRQFUHWH 
ZLWKRXW IXUWKHU DGGLWLRQ RI ZDWHU� 7KHVH DGPL[WXUHV DUH QRW 
UHTXLUHG WR SURYLGH ZDWHU UHGXFWLRQ� 7KH DSSOLFDEOH VWDQGDUG 
IRU SODVWLFL]LQJ DGPL[WXUHV LV $670 &�����&����0 7\SH , 
�SODVWLFL]LQJ) DQG 7\SH ,, �SODVWLFL]LQJ DQG UHWDUGLQJ)�

3.2.7.7 Viscosity-modifying admixtures²9LVFRVLW\�
PRGLI\LQJ DGPL[WXUHV DUH FKHPLFDO DGPL[WXUHV WKDW� ZKHQ 
DGGHG WR FRQFUHWH� HQKDQFH WKH YLVFRVLW\ RI WKH PL[WXUH� WKXV 
UHGXFLQJ DJJUHJDWH VHJUHJDWLRQ� VHWWOHPHQW� DQG EOHHGLQJ� 
7KHVH PDWHULDOV DUH XVHG SULPDULO\ ZLWK +5:5$V DQG 6&0V 
WR SURGXFH VHOI�FRQVROLGDWLQJ FRQFUHWH �6&&) PL[WXUHV� 
0RUH LQIRUPDWLRQ RQ 6&& FDQ EH IRXQG LQ 150&$ &,3 3� 
DQG 3&$ (%����

3.2.7.8 Accelerating water reducers²$FFHOHUDWLQJ ZDWHU 
UHGXFHUV UHGXFH VHW WLPH LQ DGGLWLRQ WR UHGXFLQJ ZDWHU 
UHTXLUHPHQWV� 7KHVH DGPL[WXUHV DUH QRUPDOO\ XVHG LQ FROG 
ZHDWKHU� 7KH DSSOLFDEOH VWDQGDUG IRU DFFHOHUDWLQJ ZDWHU 
UHGXFHUV LV $670 &����&���0 7\SH (�

3.2.7.9 Accelerators²&DOFLXP FKORULGH LV DQ H൵HFWLYH 
DQG FRPPRQO\ XVHG DFFHOHUDWRU LQ UHVLGHQWLDO FRQFUHWH� 
7KH DPRXQW XVHG VKRXOG QRW H[FHHG � SHUFHQW E\ ZHLJKW 
RI FHPHQWLWLRXV PDWHULDOV� ZKHUH UHLQIRUFHG FRQFUHWH LV 
GU\ DQG SURWHFWHG IURP PRLVWXUH LQ VHUYLFH FRQGLWLRQV� RU 
IRU SODLQ �XQUHLQIRUFHG) FRQFUHWH LQ DOO VHUYLFH FRQGLWLRQV� 
)RU UHLQIRUFHG FRQFUHWH VXEMHFW WR RWKHU VHUYLFH FRQGLWLRQ� 
FDOFLXP FKORULGH VKRXOG QRW H[FHHG ���� SHUFHQW E\ ZHLJKW 
RI FHPHQWLWLRXV PDWHULDOV� 0D[LPXP DOORZDEOH OLPLWV IRU 
WKH XVH RI FDOFLXP FKORULGH IRU UHVLGHQWLDO DSSOLFDWLRQV DUH 
SURYLGHG LQ 7DEOH ��3�� RI $&, 33����� 6RPH VSHFL¿FDWLRQV 
IRU SUHVWUHVVHG FRQFUHWH SURKLELW WKH XVH RI FDOFLXP FKORULGH 
GXH WR WKH SRWHQWLDO IRU FRUURVLRQ SUREOHPV ZLWK SUHVWUHVVLQJ 
VWHHO� &DOFLXP FKORULGH VKRXOG QRW EH XVHG ZKHQ GLVVLPLODU 
PHWDOV DUH HPEHGGHG LQ FRQFUHWH� 1RQFKORULGH DFFHOHUDWLQJ 
DGPL[WXUHV DUH DYDLODEOH IRU XVH LQ UHLQIRUFHG FRQFUHWH WKDW 
LV ZHW LQ VHUYLFH� 7KHVH QRQFKORULGH DFFHOHUDWRUV DUH H൵HF�
WLYH IRU VHW DFFHOHUDWLRQ DQG FRPSUHVVLYH VWUHQJWK GHYHORS�
PHQW� 7KH DSSOLFDEOH VWDQGDUG IRU DFFHOHUDWLQJ DGPL[WXUHV LV 
$670 &����&���0 7\SH &�
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3.2.7.10 Shrinkage reducing admixturesʊ$OWKRXJK QRW 
RIWHQ XVHG LQ UHVLGHQWLDO FRQVWUXFWLRQ� VKULQNDJH�UHGXFLQJ 
DGPL[WXUHV �65$V) FDQ EH XVHG WR UHGXFH GU\LQJ VKULQNDJH 
WKDW PDLQO\ UHVXOWV IURP VXUIDFH WHQVLRQ GHYHORSHG LQ WKH 
VPDOO SRUHV RI WKH FHPHQW SDVWH RI FRQFUHWH� 7KH 65$ 
UHGXFHV VKULQNDJH E\ UHGXFLQJ WKH VXUIDFH WHQVLRQ RI ZDWHU 
LQ WKH SRUHV� 1RUPDO GRVDJH UDWHV UDQJH IURP ��� WR ��� JDO��
\G3 ���� WR ��� /�P3)� 7KH DSSOLFDEOH VWDQGDUG IRU 65$V LV 
$670 &����&���0 7\SH 6� )RU PRUH LQIRUPDWLRQ� UHIHU WR 
$&, 3��5�

3.2.8 Fibers

3.2.8.1 ²6\QWKHWLF ¿EHUV DUH PDQ�PDGH 
¿EHUV PDQXIDFWXUHG E\ WKH SHWURFKHPLFDO DQG WH[WLOH LQGXV�
WULHV� 7KH ODUJHVW XVH RI V\QWKHWLF ¿EHUV �DFU\OLF� DUDPLG� 
FDUERQ� Q\ORQ� SRO\HVWHU� SRO\HWK\OHQH� DQG SRO\SURS\OHQH) 
LV LQ VODE�RQ�JURXQG FRQVWUXFWLRQ� 7DEOH 3������ SURYLGHV 
D GHVFULSWLRQ RI ¿EHU SURSHUWLHV DQG XVH� )XUWKHU LQIRUPD�
WLRQ RQ V\QWKHWLF ¿EHUV FDQ EH IRXQG LQ $&, �����5� $670 
&�����&����0� 150&$ &,3 ��� DQG 3&$ (%����

3.2.8.2 ²6WHHO ¿EHUV DUH VHHLQJ LQFUHDVHG 
XVDJH LQ VODEV�RQ�JURXQG� 7DEOH 3������ SURYLGHV D GHVFULS�
WLRQ RI ¿EHU SURSHUWLHV DQG XVH� )XUWKHU GLVFXVVLRQ RI WKH 
EHQH¿WV RI VWHHO ¿EHUV FDQ EH IRXQG LQ $&, �����5� 7KH 
DSSOLFDEOH VWDQGDUG DQG FODVVL¿FDWLRQ IRU VWHHO ¿EHUV LV IRXQG 
LQ $670 $����$���0�

3.2.9 Mineral pigments²0LQHUDO SLJPHQWV PHHWLQJ 
$670 &����&���0 UHTXLUHPHQWV FDQ EH DGGHG WR FRORU WKH 
FRQFUHWH�

3.3—Concrete properties

&RQFUHWH IRU UHVLGHQWLDO FRQVWUXFWLRQ LQYROYHV D EDODQFH 
EHWZHHQ UHDVRQDEOH HFRQRP\ DQG WKH UHTXLUHPHQWV IRU 
ZRUNDELOLW\� ¿QLVKLQJ� GXUDELOLW\� VWUHQJWK� DQG DSSHDUDQFH� 
7KH UHTXLUHG FKDUDFWHULVWLFV DUH JRYHUQHG E\ WKH DSSOLFDEOH 
EXLOGLQJ FRGH DQG WKH GHVLJQ UHTXLUHPHQWV IRU WKH VSHFL¿F 
DSSOLFDWLRQ� 7KH ³,QWHUQDWLRQDO 5HVLGHQWLDO &RGH IRU 2QH� 
DQG 7ZR�)DPLO\ 'ZHOOLQJV´ �,QWHUQDWLRQDO &RGH &RXQFLO 
����) SURYLGHV PLQLPXP UHTXLUHPHQWV IRU FRQFUHWH DQG 
UHIHUHQFHV $&, 33�� ZKLFK FDQ SURYLGH JXLGDQFH IRU LI WKH 
FRGH LV DGRSWHG E\ WKH ORFDO EXLOGLQJ DXWKRULW\� $GGLWLRQDO 
FKDUDFWHULVWLFV DUH GHYHORSHG EDVHG RQ WKH LQWHQGHG XVH RI WKH 

FRQFUHWH� WKH PHWKRG RI SODFHPHQW DQG WKH DQWLFLSDWHG FRQGL�
WLRQV DW WKH WLPH RI SODFHPHQW� DV ZHOO DV WKH HQYLURQPHQWDO 
IDFWRUV WKDW FDQ D൵HFW FRQFUHWH� 7KH FRPELQDWLRQ RI PDWHULDOV 
XVHG LQ FRQFUHWH FDQ D൵HFW WKHVH SODVWLF FRQFUHWH SURSHUWLHV 
�FRQFUHWH EHIRUH LW KDUGHQV) DQG WKH KDUGHQHG FRQFUHWH SURS�
HUWLHV� &RQFUHWH SURGXFHUV YDU\ WKH FRPELQDWLRQ RI PDWHULDOV 
LQ DWWHPSW WR PHHW WKH UHTXLUHPHQWV RI WKH EXLOGLQJ FRGH DQG 
SXUFKDVHU �RIWHQ WKH EXLOGLQJ RZQHU >WR LPSURYH KDUGHQHG 
FRQFUHWH SURSHUWLHV@)� DQG WKH UHTXLUHPHQWV RI WKH FRQWUDFWRU 
�WR LPSURYH SODVWLF FRQFUHWH SURSHUWLHV)�

3.3.1 Plastic concrete properties²&KDUDFWHULVWLFV RI 
SODVWLF FRQFUHWH DUH LPSRUWDQW WR WKRVH ZKR SODFH DQG ¿QLVK 
FRQFUHWH� 3URSHUO\ SURSRUWLRQHG FRQFUHWH VKRXOG EH ZRUN�
DEOH DQG FRQVLVWHQW GXULQJ SODFHPHQW DQG ¿QLVKLQJ� :RUN�
DELOLW\ DQG FRQVLVWHQF\ DUH PHDVXUHG XVLQJ D SURSHUW\ FDOOHG 
VOXPS RU VOXPS ÀRZ� $GGLWLRQDO FKDUDFWHULVWLFV WKDW LPSDFW 
¿QLVKLQJ DUH VHWWLQJ WLPH DQG EOHHGLQJ� (DUO\ VWUHQJWK JDLQ 
FDQ D൵HFW WKH DELOLW\ WR VWULS IRUPZRUN DQG UHVLVW IUHH]LQJ 
DQG WKDZLQJ ZKLOH FRQFUHWH LV KDUGHQLQJ�

3.3.1.1 Slump²2QH PHDVXUH RI FRQFUHWH FRQVLVWHQF\ 
RU ZRUNDELOLW\ �ÀRZDELOLW\) LV FDOOHG VOXPS� $ VOXPS WHVW 
�$670 &��3�&��30) PHDVXUHV WKH FRQVLVWHQF\ RI WKH 
FRQFUHWH IRU VOXPSV XS WR � LQ� ���� PP)� DQG D PRGL¿HG 
VOXPS�ÀRZ WHVW �$670 &�����&����0) IRU VHOI�FRQVRO�
LGDWLQJ FRQFUHWH �6&&) PHDVXUHV D PL[WXUH ZLWK JUHDWHU 
ÀXLGLW\� 7KH VOXPS WHVW LV SHUIRUPHG E\ ¿OOLQJ D WUXQFDWHG 
FRQH �)LJ� 3�3����D) ZLWK FRQFUHWH DQG PHDVXULQJ KRZ PXFK 
WKH FRQFUHWH VXEVLGHV� RU VOXPSV� ZKHQ WKH FRQH LV OLIWHG� 
5HVLGHQWLDO FRQFUHWH LV JHQHUDOO\ SODFHG ZLWK D VOXPS RI � WR 
� LQ� ���� WR ��� PP)� $ KLJKHU VOXPS RI � WR � LQ� ���� WR 
��� PP) �)LJ� 3�3����E) LQGLFDWHV WKDW WKH FRQFUHWH LV PRUH 
ZRUNDEOH WKDQ D ORZHU VOXPS RI � WR 3 LQ� ��� WR �� PP) �)LJ� 
3�3����F)� /RZHU�VOXPS FRQFUHWH LV VWL൵HU DQG PRUH GL൶�
FXOW WR SODFH LQWR IRUPZRUN� FRQVROLGDWH� DQG ¿QLVK� +LJK 
VOXPSV� LI DFKLHYHG E\ RQO\ DGGLQJ ZDWHU� ZLOO UHVXOW LQ ORZHU 
FRPSUHVVLYH VWUHQJWKV� JUHDWHU VKULQNDJH FKDUDFWHULVWLFV� DQG 
IUHH]LQJ�DQG�WKDZLQJ UHVLVWDQFH SUREOHPV LI WKH WRWDO DPRXQW 
RI ZDWHU DGGHG H[FHHGV WKH PD[LPXP w�cm GHVLJQHG IRU WKH 
PL[WXUH� $&, 33���� 7DEOH ��� KDV PD[LPXP VOXPS UHTXLUH�
PHQWV IRU GL൵HUHQW H[SRVXUHV RI FRQFUHWH�

Table 3.2.8.1—Fibers: Properties and use

Micro¿bers Macro¿bers

)LEHU FRQ¿JXUDWLRQ 0RQR¿ODPHQW )LEULOODWHG 0RQR¿ODPHQW�¿EULOODWHG

)XQFWLRQ 3ODVWLF VKULQNDJH RQO\
6HWWOHPHQW�UHOD[DWLRQ OHVVHQHG

3ODVWLF VKULQNDJH
6HWWOHPHQW�UHOD[DWLRQ OHVVHQHG

3ODVWLF VKULQNDJH �QRW DSSOLFDEOH IRU VWHHO ¿EHUV)
6HWWOHPHQW�UHOD[DWLRQ OHVVHQHG

7HPSHUDWXUH DQG VKULQNDJH FUDFN FRQWURO

%HQH¿WV 3UHFUDFN 3UHFUDFN 3UHFUDFN
3RVW�FUDFN

)LEHU PDWHULDOV 'RVDJH
 'RVDJH
 'RVDJH


6\QWKHWLFV ��� WR ��� OE�\G3 ���3 WR ��� NJ�P3) ��� WR 3�� OE�\G3 ���� WR ��� NJ�P3) 3�� WR ���� OE�\G3 ���� WR ���� NJ�P3)

1DWXUDO ��� WR ��� OE�\G3 ���3 WR ��� NJ�P3) ² ²

*ODVV ��� WR ��� OE�\G3 ���3 WR ��� NJ�P3) 3�� WR ��� OE�\G3 ���� WR 3�� NJ�P3) ��� WR 3��� OE�\G3 �3�� WR ���� NJ�P3)

6WHHO ² ² �� WR ��� OE�\G3 ���� WR ���3 NJ�P3)

'RVDJHV DUH IRU JHQHUDO JXLGDQFH RQO\� &RQVXOW PDQXIDFWXUHUV¶ UHFRPPHQGDWLRQV�
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