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This report provides methods for estimating the in-place strength of 

concrete in new and existing construction. These methods include: 

-

sonic pulse velocity, maturity, and cast-in-place cylinders. The 

principle, inherent limitations, and repeatability of each method 

are reviewed. Procedures are presented for developing the relation-

ship needed to estimate compressive strength from in-place results. 

Factors to consider in planning in-place tests are discussed, and 

statistical techniques to interpret test results are presented. The 

use of in-place tests for acceptance of concrete is introduced. 

The Appendix A provides information on the number of strength 

levels that should be used to develop the strength relationship and 

explains a regression analysis procedure that accounts for error in 

both dependent and independent variables.

Keywords: FRH൶FLHQW RI YDULDWLRQ� FRPSUHVVLYH VWUHQJWK� FRQVWUXFWLRQ 
VDIHW\� LQ�SODFH WHVWV� QRQGHVWUXFWLYH WHVWV� VDPSOLQJ� VWDWLVWLFDO DQDO\VLV�
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CHAPTER 1—INTRODUCTION

1.1—Scope

,Q�SODFH WHVWV DUH SHUIRUPHG W\SLFDOO\ RQ FRQFUHWH ZLWKLQ D 
VWUXFWXUH� LQ FRQWUDVW WR WHVWV SHUIRUPHG RQ PROGHG VSHFLPHQV 
PDGH IURP WKH FRQFUHWH WR EH XVHG LQ WKH VWUXFWXUH� +LVWRUL�
FDOO\� WKH\ KDYH EHHQ FDOOHG QRQGHVWUXFWLYH WHVWV EHFDXVH 
VRPH RI WKH HDUO\ WHVWV� VXFK DV UHERXQG QXPEHU DQG XOWUD�
VRQLF SXOVH YHORFLW\� ZHUH QRQLQYDVLYH DQG GLG QRW GDPDJH 
WKH FRQFUHWH� 2YHU WKH \HDUV� KRZHYHU� QHZ PHWKRGV KDYH 
GHYHORSHG WKDW UHVXOW LQ VXSHU¿FLDO ORFDO GDPDJH� 7KHUH�

IRUH� WKH WHUPLQRORJ\ ³LQ�SODFH WHVWV´ LV XVHG DV D JHQHUDO 
QDPH IRU WKHVH WHVW PHWKRGV� ZKLFK LQFOXGHV WKRVH WKDW GR 
QRW GDPDJH WKH FRQFUHWH DQG WKRVH WKDW UHVXOW LQ VRPH QHDU�
VXUIDFH GDPDJH� ,Q WKLV UHSRUW� WKH SULQFLSDO DSSOLFDWLRQ RI 
LQ�SODFH WHVWV LV WR HVWLPDWH WKH FRPSUHVVLYH VWUHQJWK RI WKH 
FRQFUHWH� 7KH SXOO�R൵ WHVW FDQ EH XVHG WR HVWLPDWH WKH WHQVLOH 
VWUHQJWK RI FRQFUHWH RU HYDOXDWH ERQG VWUHQJWK EHWZHHQ 
OD\HUV� 7KH VLJQL¿FDQW FKDUDFWHULVWLF RI PRVW RI WKHVH WHVWV LV 
WKDW WKH\ GR QRW GLUHFWO\ PHDVXUH WKH FRPSUHVVLYH VWUHQJWK 
RI WKH FRQFUHWH LQ D VWUXFWXUH� ,QVWHDG� WKH\ PHDVXUH VRPH 
RWKHU SURSHUW\ WKDW FDQ EH FRUUHODWHG WR FRPSUHVVLYH VWUHQJWK 
�3RSRYLFV ������ 7KH VWUHQJWK LV WKHQ HVWLPDWHG IURP D 
SUHYLRXVO\ HVWDEOLVKHG UHODWLRQVKLS EHWZHHQ WKH PHDVXUHG 
SURSHUW\ DQG FRQFUHWH VWUHQJWK� 7KH XQFHUWDLQW\ RI WKH HVWL�
PDWHG FRPSUHVVLYH VWUHQJWK GHSHQGV RQ WKH YDULDELOLW\ RI 
LQ�SODFH WHVW UHVXOWV DQG WKH XQFHUWDLQW\ RI WKH UHODWLRQVKLS 
EHWZHHQ WKHVH WZR SDUDPHWHUV� 7KHVH VRXUFHV RI XQFHU�
WDLQW\ DUH GLVFXVVHG LQ WKLV UHSRUW� $Q DOWHUQDWLYH DSSURDFK 
IRU FRUUHODWLRQ EHWZHHQ WHVWV UHVXOWV DQG FRQFUHWH VWUHQJWK LV 
SUHVHQWHG LQ (1 ����� ������ DQG %6 ���� �������

,Q�SODFH WHVWV FDQ EH XVHG WR HVWLPDWH FRQFUHWH VWUHQJWK 
GXULQJ FRQVWUXFWLRQ VR WKDW RSHUDWLRQV UHTXLULQJ D VSHFL¿F 
VWUHQJWK FDQ EH SHUIRUPHG VDIHO\ RU FXULQJ SURFHGXUHV WHUPL�
QDWHG� 7KH\ FDQ DOVR EH XVHG WR HVWLPDWH FRQFUHWH VWUHQJWK 
GXULQJ WKH HYDOXDWLRQ RI H[LVWLQJ VWUXFWXUHV� 7KHVH WZR 
DSSOLFDWLRQV UHTXLUH VOLJKWO\ GL൵HUHQW DSSURDFKHV� VR SDUWV RI 
WKLV UHSRUW DUH VHSDUDWHG LQWR VHFWLRQV GHDOLQJ ZLWK QHZ DQG 
H[LVWLQJ FRQVWUXFWLRQ�

$ YDULHW\ RI WHFKQLTXHV DUH DYDLODEOH IRU HVWLPDWLQJ WKH 
LQ�SODFH VWUHQJWK RI FRQFUHWH �0DOKRWUD ����� %XQJH\ HW 
DO� ����� 0DOKRWUD DQG &DULQR ������ 1R DWWHPSW LV PDGH 
WR UHYLHZ DOO PHWKRGV LQ WKLV UHSRUW� RQO\ WKRVH PHWKRGV 
WKDW KDYH EHHQ VWDQGDUGL]HG E\ $670 ,QWHUQDWLRQDO DUH 
GLVFXVVHG� ([DPSOHV RI PHWKRGV QRW FRYHUHG LQFOXGH LQWHUQDO 
IUDFWXUH WHVWV �&KDERZVNL DQG %U\GHQ�6PLWK ����� 'RPRQH 
DQG &DVWUR ����� DQG WRUTXH WHVWV �6WROO ������

1.2—Need for in-place tests during construction

,Q 1RUWK $PHULFDQ SUDFWLFH� WKH PRVW ZLGHO\ XVHG WHVW IRU 
FRQFUHWH LV WKH FRPSUHVVLYH VWUHQJWK WHVW RI VWDQGDUG F\OLQ�
GHUV �$670 &�����0�� 7KLV WHVW SURFHGXUH LV UHODWLYHO\ 
HDV\ WR SHUIRUP LQ WHUPV RI VDPSOLQJ� VSHFLPHQ SUHSDUDWLRQ 
�$670 &���&��0�� DQG VWUHQJWK PHDVXUHPHQW� :KHQ SURS�
HUO\ SHUIRUPHG� WKLV WHVW KDV ORZ VLQJOH�RSHUDWRU YDULDWLRQ 
DQG ORZ LQWHUODERUDWRU\ YDULDWLRQ DQG� WKHUHIRUH� WKH PHWKRG 
OHQGV LWVHOI WR XVH DV D VWDQGDUGL]HG WHVWLQJ SURFHGXUH� 7KH 
FRPSUHVVLYH VWUHQJWK VR REWDLQHG LV XVHG WR YHULI\ WKDW WKH 
VSHFL¿HG VWUHQJWK �fcƍ� XVHG WR FDOFXODWH WKH QRPLQDO VWUHQJWKV 
RI VWUXFWXUDO PHPEHUV KDV EHHQ DFKLHYHG� 7KHUHIRUH� WKH 
FRPSUHVVLYH VWUHQJWK RI VWDQGDUG F\OLQGHUV LV DQ HVVHQWLDO 
SDUDPHWHU LQ GHVLJQ FRGHV DQG SURMHFW VSHFL¿FDWLRQV�

:KHQ FDUULHG RXW DFFRUGLQJ WR VWDQGDUG SURFHGXUHV� 
KRZHYHU� WKH UHVXOWV RI WKH F\OLQGHU FRPSUHVVLRQ WHVW UHSUH�
VHQW WKH SRWHQWLDO VWUHQJWK RI WKH FRQFUHWH DV GHOLYHUHG WR D 
VLWH� 7KH WHVW LV XVHG PDLQO\ DV D EDVLV IRU TXDOLW\ DVVXUDQFH 
RI WKH FRQFUHWH WR HQVXUH WKDW FRQWUDFW UHTXLUHPHQWV DUH PHW� 
,W LV QRW LQWHQGHG IRU GHWHUPLQLQJ WKH LQ�SODFH VWUHQJWK RI 
WKH FRQFUHWH EHFDXVH LW PDNHV QR DOORZDQFH IRU WKH H൵HFWV 
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RI SODFLQJ� FRQVROLGDWLRQ� RU FXULQJ� ,W LV XQXVXDO IRU WKH 
FRQFUHWH LQ D VWUXFWXUH WR KDYH WKH VDPH SURSHUWLHV DV D 
VWDQGDUG�FXUHG F\OLQGHU DW WKH VDPH WHVW DJH� $OVR� VWDQGDUG�
FXUHG F\OLQGHUV DUH XVXDOO\ WHVWHG IRU DFFHSWDQFH SXUSRVHV DW 
DQ DJH RI �� GD\V� WKHUHIRUH� WKH UHVXOWV RI WKHVH WHVWV FDQQRW 
EH XVHG WR GHWHUPLQH ZKHWKHU DGHTXDWH VWUHQJWK H[LVWV DW 
HDUOLHU DJHV IRU VDIH UHPRYDO RI IRUPZRUN RU WKH DSSOLFDWLRQ 
RI SRVW�WHQVLRQLQJ� 7KH FRQFUHWH LQ VRPH SDUWV RI D VWUXF�
WXUH� VXFK DV FROXPQV� PD\ GHYHORS VWUHQJWK HTXDO WR WKH 
VWDQGDUG ���GD\ F\OLQGHU VWUHQJWK E\ WKH WLPH LW LV VXEMHFWHG 
WR GHVLJQ ORDGV� &RQFUHWH LQ ÀH[XUDO PHPEHUV� HVSHFLDOO\ 
SUHWHQVLRQHG PHPEHUV� FDQ EH UHTXLUHG WR VXSSRUW D ODUJH 
SHUFHQWDJH RI WKH GHVLJQ ORDG EHIRUH DQ DJH RI �� GD\V� )RU 
WKHVH UHDVRQV� LQ�SODFH WHVWV DUH XVHG WR HVWLPDWH WKH FRQFUHWH 
VWUHQJWK DW FULWLFDO ORFDWLRQV LQ D VWUXFWXUH DQG DW WLPHV ZKHQ 
FUXFLDO FRQVWUXFWLRQ RSHUDWLRQV DUH VFKHGXOHG�

7UDGLWLRQDOO\� D PHDVXUH RI WKH VWUHQJWK RI WKH FRQFUHWH LQ 
WKH VWUXFWXUH KDV EHHQ REWDLQHG E\ XVLQJ ¿HOG�FXUHG F\OLQGHUV 
SUHSDUHG DQG FXUHG LQ DFFRUGDQFH ZLWK $670 &���&��0� 
7KHVH F\OLQGHUV DUH FXUHG RQ RU LQ WKH VWUXFWXUH XQGHU� DV 
QHDUO\ DV SRVVLEOH� WKH VDPH FRQGLWLRQV DV WKH FRQFUHWH LQ WKH 
VWUXFWXUH� 0HDVXUHG VWUHQJWKV RI ¿HOG�FXUHG F\OLQGHUV PD\ 
EH VLJQL¿FDQWO\ GL൵HUHQW IURP LQ�SODFH VWUHQJWKV EHFDXVH LW 
LV GL൶FXOW� DQG RIWHQ LPSRVVLEOH� WR KDYH LGHQWLFDO EOHHGLQJ� 
FRQVROLGDWLRQ� DQG FXULQJ FRQGLWLRQV IRU FRQFUHWH LQ F\OLQ�
GHUV DQG FRQFUHWH LQ VWUXFWXUHV �6RXWVRV HW DO� ������ )LHOG�
FXUHG VSHFLPHQV VKRXOG EH KDQGOHG ZLWK FDUH DQG VWRUHG 
SURSHUO\ WR DYRLG PLVOHDGLQJ WHVW UHVXOWV�

&RQVWUXFWLRQ VFKHGXOHV RIWHQ UHTXLUH WKDW RSHUDWLRQV VXFK 
DV IRUP UHPRYDO� SRVW�WHQVLRQLQJ� WHUPLQDWLRQ RI FXULQJ� DQG 
UHPRYDO RI UHVKRUHV EH FDUULHG RXW DV HDUO\ DV SRVVLEOH WR 
NHHS WKH SURMHFW RQ VFKHGXOH� 7R HQDEOH WKHVH RSHUDWLRQV WR 
SURFHHG VDIHO\ DW WKH HDUOLHVW SRVVLEOH WLPH UHTXLUHV WKH XVH 
RI UHOLDEOH LQ�SODFH WHVWV WR HVWLPDWH WKH LQ�SODFH VWUHQJWK� 
7KH QHHG IRU VXFK VWUHQJWK LQIRUPDWLRQ LV HPSKDVL]HG E\ 
VHYHUDO FRQVWUXFWLRQ IDLOXUHV WKDW SRVVLEO\ FRXOG KDYH EHHQ 
SUHYHQWHG KDG LQ�SODFH WHVWLQJ EHHQ XVHG �/HZ ����� &DULQR 
HW DO� ����D�� ,Q�SODFH WHVWLQJ QRW RQO\ LQFUHDVHV VDIHW\ EXW 
FDQ UHVXOW LQ VXEVWDQWLDO FRVW VDYLQJV E\ SHUPLWWLQJ DFFHOHU�
DWHG FRQVWUXFWLRQ VFKHGXOHV �%LFNOH\ ����D��

1.3—In�uence of ACI 318

%HIRUH ����� $&, ��� UHTXLUHG WHVWLQJ RI ¿HOG�FXUHG F\OLQ�
GHUV WR GHPRQVWUDWH WKH DGHTXDF\ RI FRQFUHWH VWUHQJWK EHIRUH 
UHPRYDO RI IRUPZRUN RU UHVKRULQJ� ,Q ����� $&, ��� ¿UVW 
DOORZHG WKH XVH RI RWKHU SURFHGXUHV LQVWHDG RI WHVWV IRU ¿HOG�
FXUHG F\OLQGHUV� LI DSSURYHG E\ WKH EXLOGLQJ R൶FLDO �$&, 
&RPPLWWHH ��� ������ 7KH GHVLJQ SURIHVVLRQDO� ZKHQ UHTXHVWHG 
E\ WKH EXLOGLQJ R൶FLDO� KRZHYHU� ZDV UHTXLUHG WR DSSURYH WKH 
DOWHUQDWLYH SURFHGXUH EHIRUH LWV XVH� 6LQFH ����� $&, ��� KDV 
SHUPLWWHG WKH XVH RI LQ�SODFH WHVWLQJ DV DQ DOWHUQDWLYH WR WHVWLQJ 
¿HOG�FXUHG F\OLQGHUV LI DSSURYHG E\ WKH OLFHQVHG GHVLJQ SURIHV�
VLRQDO DQG� LI UHTXHVWHG� DSSURYHG E\ WKH EXLOGLQJ R൶FLDO� 7KH 
FRPPHQWDU\ WR $&, ������ �6HFWLRQ 5����������H�� OLVWV IRXU 
SURFHGXUHV� ZKLFK DUH FRYHUHG LQ WKLV UHSRUW� WKDW PD\ EH XVHG 
SURYLGHG WKHUH DUH VX൶FLHQW FRUUHODWLRQ GDWD�

0RVW GHVLJQ SURYLVLRQV LQ $&, ��� DUH EDVHG RQ WKH 
FRPSUHVVLYH VWUHQJWK RI VWDQGDUG F\OLQGHUV� 7KXV� WR HYDOXDWH 

VWUXFWXUDO FDSDFLW\ XQGHU FRQVWUXFWLRQ ORDGLQJ� LW LV QHFHV�
VDU\ WR KDYH DQ HVWLPDWH RI WKH HTXLYDOHQW F\OLQGHU VWUHQJWK 
RI WKH FRQFUHWH DV LW H[LVWV LQ WKH VWUXFWXUH� ,I LQ�SODFH WHVWV 
DUH XVHG� D YDOLG UHODWLRQVKLS EHWZHHQ WKH UHVXOWV RI LQ�SODFH 
WHVWV DQG WKH FRPSUHVVLYH VWUHQJWK RI F\OLQGHUV LV UHTXLUHG� 
$W SUHVHQW� WKHUH DUH QR VWDQGDUG SUDFWLFHV IRU GHYHORSLQJ WKH 
UHTXLUHG UHODWLRQVKLS�

1.4—Recommendations in other ACI documents

$IWHU WKH ���� YHUVLRQ RI WKLV UHSRUW ZDV SXEOLVKHG� RWKHU 
$&, GRFXPHQWV LQFRUSRUDWHG LQ�SODFH WHVWV DV DOWHUQDWLYH 
SURFHGXUHV IRU HVWLPDWLQJ LQ�SODFH VWUHQJWK� 2QH RI WKHVH GRFX�
PHQWV LV $&, ���� D VSHFL¿FDWLRQ IRU QHZ FRQFUHWH FRQVWUXF�
WLRQ� ,Q WKH ���� YHUVLRQ RI $&, ���� 6HFWLRQ ������� RQ 
LQ�SODFH WHVWLQJ RI KDUGHQHG FRQFUHWH LQFOXGHV WKH IROORZLQJ�

8VH RI WKH UHERXQG KDPPHU LQ DFFRUGDQFH ZLWK 
$670 &����&���0 RU WKH SXOVH�YHORFLW\ PHWKRG 
LQ DFFRUGDQFH ZLWK $670 &��� PD\ EH VSHFL�
¿HG E\ $UFKLWHFW�(QJLQHHU WR HYDOXDWH XQLIRU�
PLW\ RI LQ�SODFH FRQFUHWH RU WR VHOHFW DUHDV WR EH 
FRUHG� 7KHVH PHWKRGV VKDOO QRW EH XVHG WR HYDOXDWH 
LQ�SODFH VWUHQJWK�

5HJDUGLQJ WKH YDOLGLW\ RI LQ�SODFH VWUHQJWK WHVWV� $&, 
������ VWDWHV LQ 6HFWLRQ ��������D��

5HVXOWV RI LQ�SODFH VWUHQJWK WHVWV ZLOO EH HYDOXDWHG 
E\ $UFKLWHFW�(QJLQHHU DQG DUH YDOLG RQO\ LI WHVWV DUH 
FRQGXFWHG XVLQJ SURSHUO\ FDOLEUDWHG HTXLSPHQW LQ 
DFFRUGDQFH ZLWK UHFRJQL]HG VWDQGDUG SURFHGXUHV 
DQG DQ DFFHSWDEOH FRUUHODWLRQ EHWZHHQ WHVW UHVXOWV 
DQG FRQFUHWH FRPSUHVVLYH VWUHQJWK LV HVWDEOLVKHG 
DQG VXEPLWWHG�

6HFWLRQ ������� RI $&, ������� KRZHYHU� UHVWULFWV WKH 
XVH RI WKHVH WHVWV LQ DFFHSWDQFH RI FRQFUHWH E\ VWDWLQJ 
WKDW� �,Q�SODFH WHVWV VKDOO QRW EH XVHG DV WKH VROH EDVLV IRU 
DFFHSWLQJ RU UHMHFWLQJ FRQFUHWH�´ EXW WKH\ PD\ EH XVHG LI 
VSHFL¿HG WR ³HYDOXDWH´ FRQFUHWH LI VWDQGDUG�FXUHG F\OLQGHU 
VWUHQJWKV IDLO WR PHHW WKH VSHFL¿HG VWUHQJWK FULWHULD�

$&, ������ DOVR PHQWLRQV LQ�SODFH WHVWV LQ 6HFWLRQ ����� 
GHDOLQJ ZLWK UHTXLUHG VWUHQJWK IRU UHPRYDO RI IRUPZRUN� 
6SHFL¿FDOO\� LW LV VWDWHG WKDW LI VSHFL¿HG LQ &RQWUDFW 'RFX�
PHQWV� WKH IROORZLQJ PHWKRGV PD\ EH XVHG WR HVWLPDWH 
LQ�SODFH VWUHQJWK�

�D� $670 &����&���0 �FDVW�LQ�SODFH F\OLQGHUV�
�E� $670 &����&���0 �SHQHWUDWLRQ UHVLVWDQFH�
�F� $670 &��� �SXOORXW�
�G� $670 &���� �PDWXULW\ PHWKRG�
7KHVH VDPH PHWKRGV PD\ EH XVHG� LI VSHFL¿HG� DV DOWHUQD�

WLYHV WR WHVWLQJ ¿HOG�FXUHG F\OLQGHUV IRU HVWLPDWLQJ LQ�SODFH 
VWUHQJWK IRU WKH SXUSRVH RI WHUPLQDWLQJ FXULQJ SURFHGXUHV�

$&, ������� WKH UHSDLU FRGH IRU H[LVWLQJ FRQFUHWH EXLOG�
LQJV� DOORZHG WKH XVH RI LQ�SODFH WHVW PHWKRGV IRU DVVHVVPHQW 
RI FRQFUHWH VWUHQJWK� 6HFWLRQ ������� VWDWHV�
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1RQGHVWUXFWLYH VWUHQJWK WHVWLQJ WR HYDOXDWH LQ�SODFH 
VWUHQJWK RI FRQFUHWH VKDOO EH SHUPLWWHG LI D YDOLG 
FRUUHODWLRQ LV HVWDEOLVKHG ZLWK FRUH VDPSOH FRPSUHV�
VLYH VWUHQJWK WHVW UHVXOWV DQG QRQGHVWUXFWLYH WHVW 
UHVXOWV� 4XDQWL¿FDWLRQV RI FRQFUHWH FRPSUHVVLYH 
VWUHQJWK E\ 1'7 DORQH VKDOO QRW EH SHUPLWWHG DV D 
VXEVWLWXWH IRU FRUH VDPSOLQJ DQG WHVWLQJ�

$&, ����� DOVR PHQWLRQV LQ�SODFH WHVWV DV DFFHSWDEOH 
PHWKRGV IRU HVWLPDWLQJ LQ�SODFH VWUHQJWK IRU WKH SXUSRVH 
RI WHUPLQDWLQJ FXULQJ SURFHGXUHV� 3URMHFW VSHFL¿FDWLRQV 
FDQ� WKHUHIRUH� UHIHUHQFH VWDQGDUG VSHFL¿FDWLRQV WKDW DOORZ 
LQ�SODFH WHVWLQJ DV DQ DOWHUQDWLYH WR WHVWLQJ ¿HOG�FXUHG F\OLQ�
GHUV� $&, ������5 GLVFXVVHV WKH XVH RI LQ�SODFHV WHVWV IRU 
HVWLPDWLQJ HDUO\�DJH FRQFUHWH VWUHQJWK LQ IDVW�WUDFN FRQFUHWH 
SDYLQJ SURMHFWV�

,Q DOO FDVHV� VX൶FLHQW FRUUHODWLRQ GDWD DUH UHTXLUHG� DQG 
SHUPLVVLRQ PD\ KDYH WR EH JUDQWHG EHIRUH XVLQJ LQ�SODFH 
WHVW PHWKRGV� 7KLV UHSRUW H[SODLQV KRZ WKH UHTXLUHG FRUUHOD�
WLRQ GDWD FDQ EH DFTXLUHG DQG SURYLGHV JXLGDQFH RQ KRZ WR 
LPSOHPHQW DQ LQ�SODFH WHVWLQJ SURJUDP�

1.5—Existing construction

5HOLDEOH HVWLPDWHV RI WKH LQ�SODFH FRQFUHWH VWUHQJWK DUH 
UHTXLUHG IRU VWUXFWXUDO HYDOXDWLRQ RI H[LVWLQJ VWUXFWXUHV �$&, 
���5 DQG $&, ����� +LVWRULFDOO\� LQ�SODFH VWUHQJWK KDV EHHQ 
HVWLPDWHG E\ WHVWLQJ FRUHV GULOOHG IURP WKH VWUXFWXUH� ,Q�SODFH 
WHVWV FDQ VXSSOHPHQW FRULQJ DQG SHUPLW PRUH HFRQRPLFDO 
HYDOXDWLRQ RI FRQFUHWH LQ WKH VWUXFWXUH� 7KH FULWLFDO VWHS LQ 
VXFK DSSOLFDWLRQV LV WR HVWDEOLVK WKH UHODWLRQVKLS EHWZHHQ 
LQ�SODFH WHVW UHVXOWV DQG FRQFUHWH VWUHQJWK� 0RUH UHFHQWO\� WKH 
DSSURDFK LV WR FRUUHODWH UHVXOWV RI LQ�SODFH WHVWV SHUIRUPHG DW 
VHOHFWHG ORFDWLRQV ZLWK WKH VWUHQJWK RI FRUUHVSRQGLQJ FRUHV� 
$OWKRXJK LQ�SODFH WHVWLQJ GRHV QRW HOLPLQDWH WKH QHHG IRU 
FRULQJ� LW FDQ UHGXFH WKH WRWDO DPRXQW RI FRULQJ QHHGHG WR 
HYDOXDWH D ODUJH YROXPH RI FRQFUHWH� $ VRXQG VDPSOLQJ SODQ 
LV UHTXLUHG WR DFTXLUH WKH FRUUHODWLRQ GDWD� DQG DSSURSULDWH 
VWDWLVWLFDO PHWKRGV VKRXOG EH XVHG IRU UHOLDEOH LQWHUSUHWDWLRQ 
RI WHVW UHVXOWV�

1.6—Report objective

7KLV UHSRUW UHYLHZV $670 WHVW PHWKRGV IRU HVWLPDWLQJ 
WKH LQ�SODFH VWUHQJWK RI FRQFUHWH LQ QHZ FRQVWUXFWLRQ DQG 
H[LVWLQJ VWUXFWXUHV� 7KH RYHUDOO REMHFWLYH LV WR SURYLGH WKH 
SRWHQWLDO XVHU ZLWK D JXLGH WR DVVLVW LQ SODQQLQJ� FRQGXFWLQJ� 
DQG LQWHUSUHWLQJ WKH UHVXOWV RI LQ�SODFH WHVWV�

&KDSWHU � LQFOXGHV WKH QRWDWLRQ DQG GH¿QLWLRQV RI WHUPV 
XVHG LQ WKLV UHSRUW� &KDSWHU � GLVFXVVHV WKH XQGHUO\LQJ SULQ�
FLSOHV DQG LQKHUHQW OLPLWDWLRQV RI LQ�SODFH WHVWV� &KDSWHU 
� UHYLHZV WKH VWDWLVWLFDO FKDUDFWHULVWLFV RI LQ�SODFH WHVWV� 
&KDSWHU � RXWOLQHV SURFHGXUHV WR GHYHORS WKH UHODWLRQ�
VKLS QHHGHG WR HVWLPDWH LQ�SODFH FRPSUHVVLYH VWUHQJWK� 
&KDSWHU � GLVFXVVHV IDFWRUV WR EH FRQVLGHUHG LQ SODQQLQJ WKH 
LQ�SODFH WHVWLQJ SURJUDP� &KDSWHU � SUHVHQWV VWDWLVWLFDO WHFK�
QLTXHV WR LQWHUSUHW LQ�SODFH WHVW UHVXOWV� &KDSWHU � GLVFXVVHV 
LQ�SODFH WHVWLQJ IRU DFFHSWDQFH RI FRQFUHWH� $SSHQGL[ $
SURYLGHV GHWDLOV DQG DQ LOOXVWUDWLYH H[DPSOH RQ WKH VWDWLVWLFDO 
SULQFLSOHV GLVFXVVHG�

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

a = LQWHUFHSW RI OLQH
b = VORSH RI OLQH� XVHG LQ GHYHORSPHQW RI VWUHQJWK 

UHODWLRQVKLS
C = DYHUDJH RI LQ�SODFH FRPSUHVVLYH VWUHQJWKV
c = LQGLYLGXDO FRPSUHVVLYH VWUHQJWK WHVW UHVXOWV
dyx = GHYLDWLRQ RI HDFK WHVW SRLQW IURP WKH EHVW�¿W OLQH
I = LQ�SODFH WHVW UHVXOW
i = LQGLYLGXDO LQ�SODFH VWUHQJWK WHVW UHVXOWV
OQC = DYHUDJH RI QDWXUDO ORJDULWKPV RI FRPSUHVVLYH 

VWUHQJWKV
OQI = DYHUDJH RI QDWXUDO ORJDULWKPV RI LQ�SODFH WHVW UHVXOWV
OQPO = DYHUDJH RI QDWXUDO ORJDULWKPV RI SXOORXW ORDGV
K = RQH�VLGHG WROHUDQFH IDFWRU �7DEOH �����D�
k = b�Ȝ� ZKHUH Ȝ LV REWDLQHG IURP WKH VLQJOH�RSHUDWRU 

YDULDELOLW\ GXULQJ FRUUHODWLRQ WHVWLQJ DV JLYHQ E\ 
(T� �$��G��

M�t�  = WHPSHUDWXUH�WLPH IDFWRU DW DJH t� GHJ�GD\V RU 
GHJ�KRXUV

m = QXPEHU RI UHSOLFDWH LQ�SODFH WHVWV SHUIRUPHG RQ DQ 
HOHPHQW RI D VWUXFWXUH

N = QXPEHU RI WHVW SRLQWV XVHG WR HVWDEOLVK WKH VWUHQJWK 
UHODWLRQVKLS

ni = QXPEHU RI UHSOLFDWH LQ�SODFH WHVWV
nx = QXPEHU RI UHSOLFDWH LQ�SODFH WHVWV DW HDFK VWUHQJWK 

OHYHO
ny = QXPEHU RI UHSOLFDWH FRPSUHVVLYH VWUHQJWK WHVWV DW 

HDFK VWUHQJWK OHYHO
PO = DYHUDJH RI QDWXUDO ORJDULWKPV RI SXOORXW ORDGV
Q = DSSDUHQW DFWLYDWLRQ HQHUJ\ GLYLGHG E\ WKH JDV 

FRQVWDQW� . �NHOYLQ�
Se = HVWLPDWHG UHVLGXDO VWDQGDUG GHYLDWLRQ
Suu = PRGL¿HG VXP RI WKH VTXDUHV DV JLYHQ E\ (T� �$��L�D��
Sxx = VXP RI VTXDUHV RI WKH GHYLDWLRQV DERXW X̄ RI WKH X

YDOXHV XVHG WR GHYHORS WKH VWUHQJWK UHODWLRQVKLS� Sxx

= ��X – X̄��

scf = VWDQGDUG GHYLDWLRQ RI WKH ORJDULWKPV RI FRQFUHWH 
VWUHQJWK LQ WKH VWUXFWXUH

scl = VWDQGDUG GHYLDWLRQV RI ORJDULWKP RI FRPSUHVVLYH 
VWUHQJWK LQ WKH ODERUDWRU\

se = HUURU RI ¿W RI VWUHQJWK UHODWLRQVKLS DV JLYHQ E\ (T� 
�$��M�

sil = VWDQGDUG GHYLDWLRQ RI ORJDULWKPV RI WKH LQ�SODFH 
UHVXOWV LQ WKH ODERUDWRU\

sX = VWDQGDUG GHYLDWLRQ RI WKH ORJDULWKPV RI WKH LQ�SODFH 
WHVWV SHUIRUPHG RQ WKH VWUXFWXUH

sxj = VWDQGDUG GHYLDWLRQ RI WKH ORJDULWKPV RI WKH LQ�SODFH 
WHVWV DW VWUHQJWK OHYHO j

sY = VWDQGDUG GHYLDWLRQ RI HVWLPDWHG YDOXH RI Y �DYHUDJH 
FRQFUHWH VWUHQJWK�

syj = VWDQGDUG GHYLDWLRQ RI WKH ORJDULWKPV RI WKH FRPSUHV�
VLYH VWUHQJWK WHVWV DW VWUHQJWK OHYHO j

Ta = DYHUDJH FRQFUHWH WHPSHUDWXUH GXULQJ WLPH LQWHUYDO 
¨t� �& ��)� RU .

T� = GDWXP WHPSHUDWXUH� �& ��)�
Ts = VSHFL¿HG FXULQJ WHPSHUDWXUH� .
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