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#MBTU�-PBEJOH�#BTJDT

%MVCBM�4PGUXBSF

 %FTJHO�3FTPVSDFT

 "*4$�%FTJHO�(VJEF��� o %FTJHO�PG�#MBTU�3FTJTUBOU�4USVDUVSFT�	"*4$�����


 6OJUFE�'BDJMJUJFT�$SJUFSJB����������4USVDUVSFT�UP�3FTJTU�UIF�&GGFDUT�PG�"DDJEFOUBM
&YQMPTJPOT�	%0%�����


 'BDUPST�JOGMVFODJOH�TUSVDUVSBM�EBNBHF

 4USVDUVSF�NBUFSJBMT�NBTT�TUJGGOFTT

 &YQMPTJWF�UZQF�BOE�EJTUBODF�UP�TUSVDUVSF

 #MBTU�PSJFOUBUJPO�UP�TUSVDUVSF�BOE�TVSSPVOEJOH�TUSVDUVSFT

 %FTJHO�(PBMT

 "WPJE�MPTT�PG�MJGF�OPU�OFDFTTBSJMZ�BWPJE�FYUFOTJWF�TUSVDUVSBM�EBNBHF

 4UFFM�PGUFO�VTFE�BT�QSJNBSZ�TUSVDUVSBM�TZTUFN�GPS�CMBTU�EVF�UP�MBSHF�JOFMBTUJD�EFGPSNBUJPO
DBQBCJMJUZ�XJUIPVU�MPTT�PG�MPBE�DBSSZJOH�BCJMJUZ

 $PODSFUF�IBT�B�IJHIFS�NBTT�BOE�TUJGGOFTT�XJUI�IJHIFS�UFNQFSBUVSF�SFTJTUBODF
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*EFBMJ[FE�QSFTTVSF�UJNF�IJTUPSZ�GPS�CMBTU�MPBE

 1FBL�PWFSQSFTTVSF�	QSFTTVSF�BCPWF�BNCJFOU
BUNPTQIFSJD�QSFTTVSF
�JT�BO�JOTUBOUBOFPVT
QSFTTVSF�BSSJWJOH�BU�TUSVDUVSF

 1PTJUJWF�QIBTF�EVSBUJPO�JT�UJNF�QFSJPE�GPS
QSFTTVSF�UP�SFUVSO�UP�BNCJFOU

 1PTJUJWF�JNQVMTF�JT�UPUBM�QSFTTVSF�UJNF�FOFSHZ
BQQMJFE�EVSJOH�QPTJUJWF�EVSBUJPO�	BSFB�VOEFS
DVSWF


 /FHBUJWF�QIBTF�EVSBUJPO�FOFSHZ�JNQVMTF
GPMMPXT�QPTJUJWF�QIBTF�	QSFTTVSF�GBMMT�CFMPX
BUNPTQIFSJD�QSFTTVSF
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 'SFF�GJFME�	TJEF�PO
�CMBTU�MPBE

 #MBTU�MPBE�USBWFMT�QBSBMMFM�UP�B�TVSGBDF

 4XFFQ�PWFS�UIF�TVSGBDF�XJUI�OP�JNQFEJOH�PCKFDUT

 4VCTDSJQU�iTPw�VTFE�GPS�TJEF�PO

 3FGMFDUFE�CMBTU�MPBE

 #MBTU�MPBE�TUSJLFT�BO�BOHMFE�TVSGBDF�PUIFS�UIBO�QBSBMMFM

 1S � $S1TP
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 1SFTTVSF�UJNF�IJTUPSZ�QPTJUJWF�QIBTF

 4JNQMJGJFE�UP�B�USJBOHVMBS�EJTUSJCVUJPO�X��JOTUBOUBOFPVT�SJTF
BOE�MJOFBS�EFDBZ

 1FBL�QSFTTVSF�BOE�JNQVMTF�BSF�QSFTFSWFE

 'JDUJPVT�EVSBUJPO UF ���	*�1


 1SFTTVSF�UJNF�IJTUPSZ�OFHBUJWF�QIBTF

 /FHMFDUFE�GPS�UIJT�EFNPOTUSBUJPO

 $POTJEFSFE�XIFO�FMFNFOUT�BSF�XFBLFS�JO�UIF�SFWFSTF�MPBEJOH
EJSFDUJPO�PS�GPS�TIPSU�OBUVSBM�QFSJPET�DPNQBSFE�UP�UIF�MPBE
EVSBUJPO

 0UIFS�DPOTJEFSBUJPOT

 %SBH�GPSDFT�EVF�UP�XJOE�	EZOBNJD
�QSFTTVSFT

 -BSHF�PQFOJOHT�UP�BDDPVOU�GPS�JOUFSJPS�MPBET�EVF�UP�MFBLBHF

 4IJFMEJOH�	MPBE�SFEVDUJPO
�BOE�SFGMFDUJPO�	MPBE�BNQMJGJDBUJPO
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(JWFO�

 0OF�TUPSZ�TUFFM�CVJMEJOH������GU�Y����GU�Y����GU

 4IPSU�EJSFDUJPO o CSBDFE�GSBNFT���MPOH�EJSFDUJPO
o SJHJE�GSBNFT

 )PU�SPMMFE�TFDUJPOT���SJCCFE�NFUBM�QBOFMT

 #MBTU�8������ MC ��3������GU�GSPN�TUSVDUVSF
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4PMVUJPO�

 4DBMFE�EJTUBODF

Z = RW = 50 ft500 lb = 6.3 ftlb
 1BSBNFUFST�GPS CMBTU�MPBEJOH�	6'$���������


#MBTU�-PBEJOH�1BSBNFUFST 'SPN�'JHVSF����� $BMDVMBUFE

3FGMFDUFE�QFBL�QSFTTVSF�	�
 1S �������QTJ ���

4JEF�PO�QFBL�QSFTTVSF�	�
 1TP �������QTJ ���

3FGMFDUFE�JNQVMTF�	�
 *S ������8��� *S ������QTJ NT

4JEF�PO�JNQVMTF�	�
 *TP ������8��� *TP �������QTJ NT

5JNF�PG�BSSJWBM UB ������8��� UB ������ NT

&YQPOFOUJBM�MPBE�EVSBUJPO�	�
 UE ������8��� UE ������ NT

4IPDL�GSPOU�WFMPDJUZ 6��������GU�NT ���
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3FGMFDUFE�QSFTTVSF�	GSPOU�XBMM
�

 &RVJWBMFOU�USJBOHVMBS�TIBQF�XJUI�QFBL�QSFTTVSF�	1S
�BOE�JNQVMTF�	*S

WBMVFT�BSF�QSFTFSWFE

 &RVJWBMFOU�EVSBUJPO�GPS�QPTJUJWF�QIBTF�CMBTU�MPBE�GPS�SFGMFDUFE�QSFTTVSF

t , = 2IP = 2(246 psi ms)29.5 psi = 6.19 ms
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1S *S

UFS

ª"*4$�%(���

1TP

*TP

UFTP

4JEF�PO�QSFTTVSF�	TJEF�XBMM�BOE�SPPG
�

 4JNQMJDJUZ�VTF�TDBMFE�EJTUBODF�;���GSPOU�XBMM�DFOUFSMJOF�GPS�TJEF
XBMMT�BOE�SPPG

 &RVJWBMFOU�EVSBUJPO�GPS�QPTJUJWF�QIBTF�CMBTU�MPBE�GPS�TJEF�PO
QSFTTVSF

t , = 2IP = 2(96.0 psi ms)24.9 psi = 7.71 ms
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3FBS�8BMM

 $IBSHF�EJTUBODF�3������GU������GU�������GU

 4DBMFE�EJTUBODF Z = = = 15.1
 1BSBNFUFST�GPS CMBTU�MPBEJOH�	6'$���������


 &RVJWBMFOU�EVSBUJPO�GPS�QPTJUJWF�QIBTF�CMBTU�MPBE�GPS
TJEF�PO�QSFTTVSF

t , = 2IP = 2(44.0 psi ms)4.60 psi = 19.1 ms #MBTU�-PBEJOH�1BSBNFUFST 'SPN�'JHVSF����� $BMDVMBUFE

4JEF�PO�QFBL�QSFTTVSF�	�
 1TP �������QTJ ���

4JEF�PO�JNQVMTF�	�
 *TP ������8��� *TP �������QTJ NT

5JNF�PG�BSSJWBM UB ������8��� UB ������ NT

&YQPOFOUJBM�MPBE�EVSBUJPO�	�
 UE ������8��� UE ������ NT

4IPDL�GSPOU�WFMPDJUZ 6��������GU�NT ���
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3FBS�8BMM�	DPOU�E


 5JNF�PG�BSSJWBM�UB ������ NT

 5JNF�UP�QFBL�QSFTTVSF�U�t = LU + t = 15.0ft1.26 ft/ms + 66.0 ms = 77.9 ms
8IFSF

-� ��TQBO�PG�FMFNFOU�QBSBMMFM�UP�USBWFMJOH�XBWF
��CVJMEJOH�IFJHIU�	���GU


6���TIPDL�GSPOU�WFMPDJUZ�	6'$����������'JHVSF�����


 5JNF�UP�FOE�PG�CMBTU�MPBE�	�
 UGt = t + t , = 77.9 ms + 19.1 ms = 97.0 ms
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#MBTU�-PBE�4VNNBSZ

 1MPU�TIPXJOH�QSFTTVSF�WT��UJNF�PG�CMBTU�XBWF
GPS�GSPOU�TJEF�SPPG�BOE�SFBS�XBMMT

 &RVJWBMFOU�USJBOHVMBS�MPBEJOH�GVODUJPO�VTFE
PWFS�NPSF�FYBDU�MPBEJOH�GVODUJPO

 /FHBUJWF�QIBTF�PG�TIPDL�BOE�PUIFS
WBSJBCMFT�	EZOBNJD�QSFTTVSF�PQFOJOHT�FUD�

OPU�JODMVEFE

 'PS�TJNQMJDJUZ�GVMM�TJEF�PO�QSFTTVSFT
DPNQVUFE�GPS OPOSFGMFDUFE TVSGBDFT�	TJEF
XBMMT�SPPG�SFBS�XBMM
�SBUIFS�UIBO�MPBE
BWFSBHJOH�UFDIOJRVFT�JO�6'$���������
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