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residential/land development

“Skyscraper” is such� DQ� ·��V� WHUP� ³� ����V� WKDW� LV�� ,Q� WKH�
��VW� FHQWXU\�� DV� KLJK�ULVH� EXLOGLQJV� KDYH� UHDFKHG� SUHYLRXVO\�
XQLPDJLQDEOH� QHZ� KHLJKWV�� DUFKLWHFWV� DQG� FLW\� SODQQHUV� KDYH�
EHHQ�IRUFHG�WR�À�QG�QHZ�WHUPV��HYHQWXDOO\�VHWWOLQJ�RQ�WKH�IDLUO\�
OLWHUDO�́ VXSHUWDOOµ�IRU�EXLOGLQJV�RYHU�����PHWHUV������IHHW��DQG�WKH�
FOXQN\�EXW�HYRFDWLYH�´PHJDWDOOµ�IRU�EXLOGLQJV�RYHU�����PHWHUV�
������IHHW���2QO\�WKUHH�EXLOGLQJV�FXUUHQWO\�TXDOLI\�DV�PHJDWDOO��
LQFOXGLQJ�'XEDL·V�������PHWHU��������IRRW��%XUM�.KDOLID�

But there are lots�RI�VXSHUWDOOV��VR�PDQ\�WKDW�VXEFDWHJRULHV�DUH�
EHJLQQLQJ� WR� HPHUJH�� DQG� WKH� VH[LHVW� VR� IDU� LV� ´VXSHUVOLP�µ� D�
WHUP�EHLQJ�DSSOLHG�WR�D�QHZ�FURS�RI�VXSHUWDOO�EXLOGLQJV�ZLWK�YHU\�
VPDOO� IRRWSULQWV��1HZ�<RUN�&LW\·V� ����3DUN�$YHQXH� EXLOGLQJ�
LV� SHUKDSV� WKH� EHVW� H[DPSOH� QRZ� XQGHU� FRQVWUXFWLRQ�� :KHQ�
FRPSOHWHG� LQ������� LW�ZLOO�� DW�����PHWHUV� ������� IHHW���EH� WKH�
VHFRQG�RU�WKLUG�WDOOHVW�WRZHU�LQ�WKH�8QLWHG�6WDWHV��GHSHQGLQJ�RQ�
KRZ�RQH�GHÀ�QHV�2QH�:RUOG�7UDGH�&HQWHU·V�FURZQLQJ�SLQQDFOH���
DQG�HDVLO\�WKH�:HVWHUQ�KHPLVSKHUH·V�WDOOHVW�UHVLGHQWLDO�EXLOGLQJ�
³� DQG� LW�ZLOO� ULVH� VWUDLJKW� XS� IURP� D� SHUIHFWO\� VTXDUH� �´7KH�
SXUHVW�JHRPHWULF�IRUP�µ�DFFRUGLQJ�WR�DUFKLWHFW�5DIDHO�9LxRO\��
IRRWSULQW�PHDVXULQJ�MXVW������PHWHUV�������IHHW��SHU�VLGH��7KDW·V�
DERXW�����VTXDUH�PHWHUV��������VTXDUH�IHHW���)RU�FRPSDULVRQ��
WKH�%XUM�.KDOLID·V�IRRWSULQW�LV�DERXW�������VTXDUH�PHWHUV�

A building this tall and this skinny is very nearly in a class by 
LWVHOI�DQG�FDOOV�IRU�DGYDQFHG�FRQVWUXFWLRQ�WHFKQLTXHV��2QH�WDVN�
LQ�SDUWLFXODU�LV�VLPSOH�LQ�FRQFHSWLRQ�EXW�H[WUHPHO\�FKDOOHQJLQJ�
LQ�SUDFWLFH�³�NHHSLQJ�WKH�EXLOGLQJ�SOXPE��

Working with gravity
0DQ\�FRQIRXQGLQJ�IDFWRUV�DIIHFW�VXSHUWDOO�YHUWLFDOLW\�DQG�PRVW�DUH�
G\QDPLF��FKDQJLQJ�IURP�KRXU�WR�KRXU��6RPH�RI�WKH�PRVW�LPSRUWDQW�
LQFOXGH� WKHUPDO� ORDG� �WKH� GLIIHULQJ� H[SDQVLRQ� UDWHV� RI� VXQOLW�
DQG�VKDGHG�VLGHV�RI�D�EXLOGLQJ���ZLQG�SUHVVXUH� �HDFK�VLGH�RI� WKH�
FRPSOHWHG�EXLOGLQJ�ZLOO�EH�OLNH�D�JLDQW����������VTXDUH�IRRW�VDLO���
DQG�FUDQH�ORDGLQJ�DQG�PRYHPHQW�GXULQJ�FRQVWUXFWLRQ��0RUH�VXEWOH�
IDFWRUV�LQFOXGH�VOLJKW�YDULDWLRQV�LQ�FRQFUHWH�VHWWOLQJ��DQG�HYHQ�WKH�
YDULDWLRQV��ZLWKLQ�WROHUDQFH��RI�VWHHO�ZRUN��6R�$GDP�0��&URQLQ��OHDG�
VXUYH\RU�IRU�5RJHU�DQG�6RQV�&RQFUHWH�RQ�����3DUN�$YHQXH��UHDOO\�
QHHGV�WR�NQRZ�³�LQ�UHDO�WLPH��LI�SRVVLEOH�³�ZKHUH�WKH�EXLOGLQJ�LV�
FRPSDUHG�ZLWK�GHVLJQ��DQG�KRZ�LW·V�UHVSRQGLQJ�WR�YDULRXV�ORDGV��

)RU�FRQYHQWLRQDO�XUEDQ�FRQVWUXFWLRQ��HYHQ�VN\VFUDSHUV��WKLV�WDVN�LV�
UHODWLYHO\�VLPSOH��*URXQG�OHYHO�FRQWURO�LV�WUDQVIHUUHG�WR�SHUPDQHQW�

Standing tall, with very 
good posture
Maintaining vertical alignment in supertalls.
By Angus W. Stocking, L.S.

:KHQ�FRPSOHWH�LQ�������1HZ�<RUN�&LW\·V�����3DUN�$YHQXH�EXLOGLQJ�ZLOO�EH�RQH�RI�WKH�
tallest and skinniest towers in the U.S. To keep the building plumb during construction, 
the project team is using the Vertical Alignment System from Leica Geosystems, which 
combines monitoring data from highly accurate GNSS receivers and total stations, dual-axis 
inclinometers, and later, a weather station.
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PDUNV�RQ�VXUURXQGLQJ�EXLOGLQJV��DQG�WKRVH�PDUNV�DUH�XVHG�DV�UHIHUHQFHV�IRU�
IRUPZRUN�SRVLWLRQLQJ��VWHHO�DVVHPEO\��DQG�RWKHU�OD\RXW�WDVNV��6RPHWLPHV�
EXLOGLQJV�DUH�NHSW�SOXPE�ZLWK�VLJKWLQJV�WKURXJK�VODE�SHQHWUDWLRQV��%XW�
WKHVH�PHWKRGV�ZRQ·W�ZRUN�RQ�D�VXSHUWDOO��)RU�RQH�WKLQJ��WKH\�GRQ·W�VFDOH�
ZHOO�³�WKH�QHHG�IRU�YHUWLFDO�DOLJQPHQW�LQIRUPDWLRQ�LV�VR�FULWLFDO�DQG�XUJHQW�
WKDW�RSWLFDO�PHDVXUHPHQWV�DUH�VLPSO\�QRW�IDVW�RU�DFFXUDWH�HQRXJK��,W�FDQ�
WDNH�VHYHUDO�KRXUV��LQ�W\SLFDO�JURXQG�UHIHUHQFH�V\VWHPV��WR�WDNH�DOO�QHHGHG�
PHDVXUHPHQWV�DQG�SHUIRUP�FDOFXODWLRQV�IRU�D�KLJK�DOWLWXGH�SRVLWLRQDO�À[��
0RUH�REYLRXVO\������3DUN�$YHQXH�ZLOO�TXLFNO\�ULVH�ZHOO�DERYH�QHDUE\�
EXLOGLQJV��PDNLQJ�QHDUE\�RSWLFDO�UHIHUHQFHV�XVHOHVV��

´:H·UH� OLWHUDOO\� LQ� WKH� FORXGV�XS�KHUH�µ�&URQLQ� VDLG�� ´6RPH�GD\V��ZH�
FDQ·W�VHH�WKH�VWUHHW�RU�HYHQ�RWKHU�EXLOGLQJV�µ

6R�RQ�WKLV�SURMHFW��&URQLQ�LV�XVLQJ�WKH�PRVW�UHFHQW�LWHUDWLRQ�RI�WKH�9HUWLFDO�
$OLJQPHQW� 6\VWHP� ÀUVW� GHYHORSHG� E\� /HLFD� *HRV\VWHPV� (QJLQHHUHG�
6ROXWLRQV�IRU�XVH�RQ�WKH�%XUM�.KDOLID��DQG�SURYHQ�VHYHUDO�WLPHV�VLQFH��
PRVW� QRWDEO\� RQ� 2QH� :RUOG� 7UDGH� &HQWHU�� ,Q� HVVHQFH�� WKH� V\VWHP�
FRPELQHV�UHDOWLPH�GDWD�VWUHDPV�IURP�VHYHUDO�VRXUFHV�

• GNSS positional data from four Leica receivers, posted near the corners of 
432 Park Avenue’s outer formwork platform (also known as the “cocoon”) 
— The receivers monitor GPS and GLONASS, and the Brooklyn Pier and 
Holland Tunnel CORS stations.

• Continuously monitored optical data, derived from total station shots on 
360-degree prisms mounted just beneath the GNSS receivers — This data 
gives feedback on the building’s frame and shape, and the prisms are also 
used as resection points when doing layout and form positioning work. The 
prisms are “active” control points, moving upward as construction progresses.

• Leica Nivel200 Series dual-axis inclinometers, which can measure 
displacement to +/-0.2-inch of arc, are installed in the building’s 
basement, and at regular intervals of about 10 to 12 floors. “They make 
a big difference. Along with the GNSS, they’re helping us to make great 
strides in vertical alignment control, especially when predicting the effects 
of the day-to-day construction and wind loads,” Cronin said, referring to 
movement due to the weather, crane loads, concrete placement, cocoon 
jumping, and so on. The system’s inclinometers are sometimes left in 
place after construction to provide continuous monitoring.

• As construction progresses, a weather station will be added. “We’re 
working with Leica Geosystems to tie in realtime wind and temperature 
information,” Cronin said. “To tie that in with the GNSS/RTK observations 
and tiltmeter data would be very helpful.”

$OO�WKLV�GDWD�LV�FRPELQHG�DQG�SURFHVVHG�LQ�D�FXVWRPL]HG�LPSOHPHQWDWLRQ�RI�
/HLFD·V�DGYDQFHG�6SLGHU�QHWZRUN�57.�VROXWLRQ��$PRQJ�RWKHU�WDVNV��6SLGHU�
LV�DEOH�WR�DXWRPDWLFDOO\�DSSO\�WKH�FRPSOH[�WUDQVIRUPDWLRQ�EHWZHHQ�́ HOOLSVRLG�
QRUPDOµ��YHUWLFDO�UHODWLYH�WR�WKH�:*6���HOOLSVRLG��DQG�´JUDYLW\�YHUWLFDOµ�
�YHUWLFDO� RQ� WKH� MRE� VLWH�� EHWWHU� NQRZQ� DV� SOXPE��� ,Q�PRVW� FRQVWUXFWLRQ�
DSSOLFDWLRQV�� WKH�GLIIHUHQFH�EHWZHHQ� WKH� WZR� LV� LPPDWHULDO��EXW�DW�QHDUO\�
������IHHW�LW�FRXOG�EH�LQFKHV��ZKLFK�ZRXOG�EH�SRWHQWLDOO\�GLVDVWURXV��

´)RUWXQDWHO\��WKDQNV�WR�6SLGHU��,�GRQ·W�KDYH�WR�WKLQN�DERXW�WKDW�WRR�PXFK�µ�
&URQLQ�VDLG�

$OO� UHVXOWV� FDQ� EH� DFFHVVHG� FRQWLQXRXVO\�� DQG� D� ´VROLG� VROXWLRQµ� LV�
SURYLGHG�HDFK�KRXU��6R��RQ�DQ�KRXUO\�EDVLV��&URQLQ�FDQ�FKHFN�WKH�ÀJXUHV�
DQG�EH�FRQÀGHQW�KH�NQRZV�H[DFWO\�KRZ�WKH�EXLOGLQJ�LV�SODFHG�ZLWKLQ�
WZR�KXQGUHGWKV�RI�D�IRRW�DQG��RYHU�WLPH��KH�FDQ�GHYHORS�D�VHQVH�RI�KRZ�
WKH�YDULRXV�FRQVWUXFWLRQ�DQG�ZHDWKHU�ORDGV�DIIHFW�YHUWLFDOLW\�IURP�GD\�
WR�GD\��,I�QHHGHG��KH�FDQ�PDNH�DGMXVWPHQWV�WR�IRUP�SRVLWLRQLQJ�WR�PDNH�
FRUUHFWLRQV��,W·V�D�VXUSULVLQJO\�VSHHG\�SURFHVV�

´:H·UH�FRPSOHWLQJ�D�OLIW�HYHU\�WKUHH�GD\V�µ�&URQLQ�VDLG��´$QG�WKDW·V�
IDVW�IRU�WKLV�W\SH�RI�FRQVWUXFWLRQ�µ�

,Q� VXP�� WKH� 9HUWLFDO� $OLJQPHQW� 6\VWHP� IUHHV� VXSHUWDOO� FRQVWUXFWLRQ�
VXUYH\RUV� IURP� WKH�QHHG� WR� WLH� WR�JURXQG� UHIHUHQFHV��%XLOGLQJ�FRQWURO�%\�WKH���WK�ÁRRU��WKH�SURMHFW�WHDP�ORVW�WKH�DELOLW\�WR�XVH�JURXQG�UHIHUHQFHV��

However, the Vertical Alignment System provided reliable control.

Leica Nivel200 Series dual-axis inclinometers, which can measure displacement to 
�������LQFK�RI�DUF��DUH�LQVWDOOHG�LQ�WKH�EXLOGLQJ·V�EDVHPHQW��DQG�DW�UHJXODU�LQWHUYDOV�RI�
DERXW����WR����ÁRRUV�WR�KHOS�SUHGLFW�WKH�HIIHFWV�RI�WKH�GD\�WR�GD\�FRQVWUXFWLRQ�DQG�
wind loads.
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LV� LQGHSHQGHQW� RI� JURXQG� FRQWURO�� DQG� VXUYH\RUV� FDQ� JHQHUDWH� SUHFLVH�
FRRUGLQDWHV�DV�QHHGHG��FRPSDUH�WKHVH�WR�GHVLJQ�FRRUGLQDWHV��DQG�FRUUHFW�
WKH�EXLOGLQJ·V�YHUWLFDO�DOLJQPHQW�LQFUHPHQWDOO\�WR�NHHS�ZDOOV�SOXPE�

´7KH� 9HUWLFDO� $OLJQPHQW� 6\VWHP� FRQVLVWV� RI� FRQVXOWDWLRQ�� WUDLQLQJ��
LQVWDOODWLRQ�� DQG� RQJRLQJ� PDQDJHPHQW� RI� WKH� GDWD�µ� VDLG� /HLFD�
*HRV\VWHPV·� 9LFH�3UHVLGHQW� RI� (QJLQHHUHG� 6ROXWLRQV� *HUDUG�0DQOH\��
´,W·V�D�PRGXODU�V\VWHP��DQG�WKH�FRPSRQHQWV�FDQ�EH�DFTXLUHG�EDVHG�RQ�
WKH�XVHU·V�QHHGV��:H�DUH�VHHLQJ�D�GHÀ�QLWH�WUHQG�LQ�VXSHUWDOO�FRQVWUXFWLRQ��
ZKHUH� %,0�� UHDO�WLPH� PRQLWRULQJ�� DQG� FRQVWUXFWLRQ� DUH� DOO� WLJKWO\�
LQWHJUDWHG��$V�WKLV�WUHQG�GHYHORSV��ZH�DUH�FRQWLQXLQJ�WR�UHÀ�QH�WKH�9HUWLFDO�
$OLJQPHQW�6\VWHP�WR�EH�HYHQ�PRUH�HIIHFWLYH�µ

An easy transition
���� 3DUN�$YHQXH� LV� &URQLQ·V� À�UVW� RSSRUWXQLW\� WR� XVH� D� *166�EDVHG�
V\VWHP�RQ�D�PDMRU�EXLOGLQJ�FRQVWUXFWLRQ��DQG�KH�DGPLWHG�KH�ZDV�D�OLWWOH�
XQFRPIRUWDEOH�DW�À�UVW��

´,�GLGQ·W�ZDQW�WR�¶Á�LS�WKH�VZLWFK·�WRR�VRRQ�µ�KH�VD\V��´&RPLQJ�IURP�D�
PRUH�WUDGLWLRQDO�VXUYH\LQJ�EDFNJURXQG��LW�ZDV�LPSRUWDQW�WR�PH�WR�WHVW�WKH�
V\VWHP�DJDLQVW�JURXQG�UHIHUHQFHV�µ

)RUWXQDWHO\�� KH� ZDV� DEOH� WR� GR� MXVW� WKDW� IRU� VHYHUDO� PRQWKV�� &URQLQ�
HVVHQWLDOO\�GRXEOHG�XS�RQ�YHUWLFDOLW\�FRQWURO�GXULQJ�FRQVWUXFWLRQ�RI�WKH�
À�UVW����Á�RRUV��7KDW�LV��KH�VWDUWHG�ZLWK�JURXQG�FRQWURO�DQG�D�QHWZRUN�RI�
SULVPV�RQ�QHDUE\�EXLOGLQJV��ZKLOH�DOVR�LQVWDOOLQJ�DQG�XVLQJ�WKH�9HUWLFDO�
$OLJQPHQW�6\VWHP��

´:H�FRPSDUHG�UHVXOWV�HYHU\�Á�RRU�µ�KH�VDLG��´$QG�E\�WKH���WK�Á�RRU��DV�
,� ORVW� WKH� DELOLW\� WR�XVH� UHIHUHQFHV� ,�ZDV�XVHG� WR�� ,�ZDV� DOUHDG\� VXSHU�
FRQÀ�GHQW�³�WKH�*166�V\VWHP�DOZD\V�FKHFNHG�RXW�µ�

,Q�IDFW��DV�WKH�EXLOGLQJ�ULVHV��PXOWLSDWK�LVVXHV�DUH�HOLPLQDWHG��DQG�*166�
FRRUGLQDWHV�VKRXOG�EHFRPH�HYHQ�PRUH�UHOLDEOH�

&URQLQ� KDV� HVWDEOLVKHG� VRPH� JRRG� URXWLQHV� IRU� ZRUNLQJ� ZLWK� WKH�
9HUWLFDO�$OLJQPHQW�6\VWHP��)RU�LQVWDQFH��KH·V�OHDUQHG�WR�XVH�RYHUQLJKW�
UHVXOWV�DV� WKH�EDVLV� IRU� OD\RXW�ZRUN�� WKHUPDO� ORDGV�DUH�EDODQFHG� WKHQ�
DQG�FUDQHV�DUHQ·W� VKLIWLQJ�D� ORW�RI�ZHLJKW� DURXQG��+H�DOVR�SUHIHUV� WR�
GR�SUHFLVH�OD\RXW�ZRUN�LQ�WKH�TXLHWHU�WZLOLJKW�KRXUV��ZKHQ�WKH�VLWH�LV�
FDOPHU�DQG�WKHUH�LV�OHVV�PRYHPHQW�LQ�WKH�VWUXFWXUH��

6WLOO��KH�À�QGV�WKDW�KH�FDQ�JHW�FRQVLVWHQW�UHVXOWV�DW�DQ\�WLPH�RI�GD\��´$V�
DQ� H[HUFLVH��ZH·YH� SHUIRUPHG� WKH� VDPH�SRVLWLRQLQJ�ZRUN� DW� WZLOLJKW�
DQG� LQ� WKH� DIWHUQRRQ� DQG� IRXQG� WKDW� WKH� GLIIHUHQFHV�ZHUH� QHJOLJLEOH��
ZKLFK�VXUSULVHG�PH�µ�&URQLQ�VDLG��´$QG�HYHQ�GXULQJ�WKH�UHFHQW�SRODU�
YRUWH[�ZHDWKHU��ZKLFK�ZDV�VXSHU�FROG��ZH�DOZD\V�KDG�JRRG�VLJQDO�DQG�
JRRG�UHVXOWV��,W·V�EHHQ�D�YHU\�UHOLDEOH�V\VWHP�µ

/HLFD�*HRV\VWHPV�KDV�GHYHORSHG�WKH�FXUUHQW�VWDWH�RI�WKH�DUW�LQ�KLJK�ULVH�
FRQVWUXFWLRQ�FRQWURO��DQG�WKH�9HUWLFDO�$OLJQPHQW�6\VWHP�KDV�SURYHQ�LWV�
ZRUWK�RQ�WKH�ZRUOG·V�WDOOHVW�EXLOGLQJV��LQFOXGLQJ�WKH�%XUM�.KDOLID��WKH�
WDOOHVW�RI�DOO��)RU� WKH�À�UVW� WLPH��FRQVWUXFWLRQ�VXUYH\RUV�DUH�QR� ORQJHU�
GHSHQGHQW� RQ� WKH� HYHU�UHFHGLQJ� JURXQG� IRU� SRVLWLRQDO� À�[HV�� ,QVWHDG��
FRQWLQXRXVO\� XSGDWLQJ� *166� DQG� LQFOLQRPHWHU� GDWD� DQG� RSWLFDO�
UHDGLQJV�JLYH�SUHFLVH�PRPHQW�WR�PRPHQW�FRRUGLQDWHV�RQ�DFWLYH�FRQWURO�
SRLQWV�DQG�KHOS�WR�NHHS�WKH�ZRUOG·V�EXUJHRQLQJ�FODVV�RI�VXSHUWDOOV�DQG�
VXSHUVOLPV�VWDQGLQJ�WDOO��DQG�SHUIHFWO\�VWUDLJKW�

6R�ZKDW·V� LW� OLNH�ZKHQ�\RXU�RIÀ�FH� LV� D� VHPL�H[SRVHG�SODWIRUP�PRUH�
WKDQ�������IHHW�DERYH�WKH�JURXQG"�

´7KHUH·V�QRWKLQJ�EHWWHU�µ�&URQLQ�VDLG��´:H�FDQ�VHH�IURP�7DSSDQ�=HH�
%ULGJH�DOO�WKH�ZD\�GRZQWRZQ��DQG�ZH�KDYH�D�ELUG·V�H\H�YLHZ�RI�&HQWUDO�
3DUN��,W·V�QRW�IRU�HYHU\RQH��EXW�,�VXUH�OLNH�LW�µ�

$QG� ZLWK� WKH� VHFXULW\� SURYLGHG� E\� H[FHOOHQW�� UHDO� WLPH� SRVLWLRQDO�
LQIRUPDWLRQ��KH�OLNHV�LW�HYHQ�PRUH�

ANGUS W. STOCKING, L.S., has been writing about infrastructure since 2002. For more 
information about Roger & Sons Concrete, visit http://randsconcrete.com. Learn more 
about 432 Park Avenue at http://432parkavenue.com. For additional details about the 
Vertical Alignment System by Leica Geosystems, visit www.leica-geosystems.us. GNSS positional data from four Leica Geosystems receivers, posted near the corners 

RI�����3DUN�$YHQXH·V�RXWHU�IRUPZRUN�SODWIRUP��DOVR�NQRZQ�DV�WKH�´FRFRRQµ��PRQLWRU�
GPS and GLONASS, as well as the Brooklyn Pier and Holland Tunnel CORS stations.

Continuously monitored optical data, derived from total station shots on 360-degree 
SULVPV�PRXQWHG�MXVW�EHQHDWK�WKH�*166�UHFHLYHUV��JLYH�IHHGEDFN�RQ�WKH�EXLOGLQJ·V�
frame and shape. Prisms also are used as resection points when doing layout and 
form positioning work. 


